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A b s t ra c t
Two exper im en ts  designed to  assess whether l o c a t i o n  
i n f o r m a t i o n  about movement i s  a u t o m a t i c a l l y  encoded in  
memory were conducted.  In  Exper iment 1, two a u t o m a t i c i t y  
c r i t e r i a  were examined. The f i r s t  s t i p u l a t e d  t h a t  age 
d i f f e r e n c e s  are not  e x h i b i t e d  i n  p roc e ss in g  l o c a t i o n  
i n f o r m a t i o n ;  and, the second s t i p u t a t e d  t h a t  l o c a t i o n  
i n f o r m a t i o n  i s  encoded w i t h o u t  i n t e n t i o n  and a d d i t i o n a l  
i n t e n t i o n  does not  improve the  q u a l i t y  o f  the  encoding 
p rocess .  A t h i r d  c r i t e r i a  was a lso  examined: whether 
s p a t i a l  cues from the env i ronment ( l a y o u t  o f  t e s t i n g  area)  
improves the encoding o f  movement i n f o r m a t i o n .  In  
Exper iment 2, the  a u t o m a t i c i t y  c r i t e r i a  t h a t  p r a c t i c e  has no 
e f f e c t  was ana lyzed .  In  Exper iment  1, 60 i n d i v i d u a l s  a t  
each o f  th re e  age l e v e l s  — 7 - ,  1 1 -y e a r - o ld s ,  and a d u l t s  - -  
moved to  f o u r  l o c a t i o n s  on a 20 X 20 m f i e l d .  S u b je c ts  were 
randomly ass igned to  i n t e n t i o n a l  p o s i t i o n  -  i n t e n t i o n a l  
e x e r c i s e ,  i n c i d e n t a l  p o s i t i o n  -  i n t e n t i o n a l  e x e rc i s e ,  or a 
c o n t r o l ,  i n c i d e n t a l  p o s i t i o n  -  i n c i d e n t a l  e x e rc is e  
c o n d i t i o n s  under two e n v i ro n m e n ta l  t re a tm e n ts  - -  w i t h  or 
w i t h o u t  l i n e s  demarca t ing  the  t e s t i n g  a rea .  A l l  the 
s u b je c ts  were asked to  r e c a l l  the  e x e rc is e s  and t h e i r  
l o c a t i o n s  ( f r e e  r e c a l l ) .  ANOVA r e s u l t s  i n d i c a t e d  t h a t  the 
th re e  main e f f e c t s  o f  age, c o n d i t i o n ,  and la y o u t  were 
s i g n i f i c a n t  ( g_< .0 5 ) .  In  Exper iment 2, 30 i n d i v i d u a l s  from 
th re e  age groups - -  7 - ,  1 1 - y e a r - o ld s ,  and a d u l t s ,  jogged
x
a long  th e  l a y o u t  w i t h  l i n e s .  W i t h in  each age g roup ,  
s u b je c t s  were randomly a ss igned  t o  one, two ,  o r  t h re e  
p r a c t i c e  t r i a l s .  ANOVA r e s u l t s  i n d i c a t e d  t h a t  the  two main 
e f f e c t s  o f  age and p r a c t i c e  were s i g n i f i c a n t  ( g_< . 0 5 ) .  These 
f i n d i n g s  do no t  s u p p o r t  p r e v io u s  re se a rc h  p r e d i c t i o n s  t h a t  
s p a t i a l  l o c a t i o n  i s  a u t o m a t i c a l l y  encoded. R a th e r ,  the  
deve lopm en ta l  t r e n d s ,  i n t e n t i o n  to  l e a r n ,  the  e n v i ro n m e n t ,  
and p r a c t i c e  e f f e c t s  in c re a s e d  the  accu racy  o f  movement 
r e c a l l ,  s u g g e s t in g  the  a t t e n t i o n a l  r e q u i re m e n ts  f o r  the  
encod ing p rocesses  o f  l o c a t i o n  i n f o r m a t i o n  were on a 
con t inuum .
DEVELOPMENT OF AUTOMATIC AND EFFORTFUL PROCESSES 
IN MEMORY OF MOVEMENT LOCATION
I n t r o d u c t i o n
Young c h i l d r e n ' s  a b i l i t y  t o  p rocess  i n f o r m a t i o n  i n  
memory i s  l i m i t e d .  M oreover,  the  p ro c e s s in g  d e f i c i t  o f  
younger age groups i s  a t t r i b u t e d  to  l i m i t a t i o n s  i n  
s h o r t - te rm -m e m o ry . These l i m i t a t i o n s  i n c l u d e :  (a )  c o n t r o l  
p ro c e s s in g  d e f i c i t s ,  and (b )  i n a b i l i t y  to  a d e q u a te ly  use 
s t r a t e g i e s .  Once a s t r a t e g y  i s  l e a r n e d ,  younger c h i l d r e n  
s t i l l  need to  l e a r n  when to  app ly  i t .  In  a d d i t i o n ,  c h i l d r e n  
have le s s  i n f o r m a t i o n  s to re d  i n  lo n g - te r m  memory which may 
d e t r i m e n t a l l y  a f f e c t  t h e i r  pe r fo rm ance  (C h i ,  1976; Thomas, 
1980, 1984).
The c h i l d ' s  s h o r t  term sensory  s t o r e  f o r  v i s u a l  s t i m u l i  
i s  no t  d i f f e r e n t  from t h a t  o f  o ld e r  s u b je c t s ;  b u t ,  o l d e r  
s u b je c t s  employ an a c t i v e  s t r a t e g y  f o r  encod ing  i te m s  which 
younger s u b je c t s  are  no t  u s in g  (S h e in g o ld ,  1973) .  S h o r t  
term s t o r e  c a p a c i t y  i s  l i m i t e d  and r e q u i r e s  d i f f e r e n t  l e v e l s  
o f  e f f o r t  t o  p rocess  i n f o r m a t i o n .  I n f o r m a t i o n  p r o c e s s in g ,  
i n  t h i s  i n s t a n c e ,  i n v o l v e s  m a n ip u la t io n  o f  i n f o r m a t i o n  more 
a c t i v e l y  by o ld e r  c h i l d r e n  and a d u l t s  i n  o rd e r  t o  f a c i l i t a t e  
r e c a l l  o f  i n f o r m a t i o n  (C h i ,  1976; F l a v e l l ,  F r e d r i c h  & Hoyt 
1970; Thomas, 1 980 ) .  For example, Hagen, H a rg rave ,  and Ross 
(1973) r e p o r te d  t h a t  when 5-  and 7 - y e a r - o l d s  were t r a i n e d  
f o r  r e h e a r s a l ,  a form o f  i n f o r m a t i o n  p r o c e s s in g ,  t h a t  
s t r a t e g y  f a c i l i t a t e d  t h e i r  r e c a l l  w h i le  a d u l t s  used
r e h e a r s a l  s p o n ta n e o u s ly .  A d u l t s ,  though ,  use o th e r  
s t r a t e g i e s  more e f f e c t i v e l y  than c h i l d r e n .  These s t r a t e g i e s  
i n c lu d e  g rou p in g  ( T u l v i n g  & Donaldson, 1972) and l a b e l i n g  
(Ho & Shea, 1978; W in th e r  & Thomas, 1981).
The knowledge base o f  a p a r t i c u l a r  game i n c lu d e s  
knowledge o f  the  r u l e s ,  goa ls  o f  the  game, and d i f f e r e n t  
s t r a t e g i e s  to  execu te  th e  s k i l l s .  Access t o  t h i s  
i n f o r m a t i o n  may enhance c h i l d r e n ' s  d e c i s io n s  co n c e rn in g  the  
a p p r o p r i a t e  a c t i o n  i n  a c e r t a i n  s i t u a t i o n .  The knowledge 
a v a i l a b l e  t o  o ld e r  p a r t i c i p a n t s  he lps  them to  make b e t t e r  
d e c i s io n s  i n  a s p e c i f i c  s p o r t  c o n t e x t ,  as w e l l  as enhancing 
t h e i r  per fo rmance i n  s i m i l a r  s i t u a t i o n s  (F re n c h ,  1985) .  In  
some s i t u a t i o n s ,  when the  c h i l d  has more knowledge about the  
game, she /he  may p e r fo rm  b e t t e r  than an a d u l t  (C h i ,  1978; 
L in d b e rg ,  1980).  Chi and G laser  (1980) a t t r i b u t e d  t h i s  
advantage t o  sem ant ic  n e tw o rks .  French (1985) suggested 
t h a t  o l d e r  s u b je c t s  possess a more o rg a n iz e d  s t o r e  o f  
knowledge about the  env i ronm en t  and team c o n c e p t .  F u r t h e r ,  
r u l e s  o f  programs f o r  a c t i o n s  o r  o p e r a t io n s  are  i n c lu d e d .
The knowledge base i s  g e n e r a t i v e  i n  the  sense t h a t  i t  
p e rm i t s  r e t r i e v a l  o f  i n f o r m a t i o n  t h a t  was never  s t o r e d ,  bu t  
i s  the  p ro d u c t  o f  i n f e r e n c e s .  A cco rd ing  t o  Murphy and 
W r ig h t  (1984) an e x p e r t  has d i s t i n c t  advantages i n  a ccess ing  
g r e a t e r  amounts and b e t t e r  o rg a n ize d  chunks o f  i n f o r m a t i o n .  
T h is  reduces demands on s h o r t  term memory and a s s i s t s  i n  the  
r e t r i e v a l  o f  i n f o r m a t i o n  from long  te rm memory.
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Hasher and Zacks (1979) argued t h a t  some types  o f  
i n f o r m a t i o n ,  f o r  example l o c a t i o n  i n f o r m a t i o n ,  are encoded 
i n  memory r e g a rd le s s  o f  the  background o f  the s u b je c t .  They 
concluded t h a t  encoding l o c a t i o n  i n f o r m a t i o n  in  memory does 
not need a t t e n t i o n ,  i t  occurs  a u t o m a t i c a l l y .  Thus, r e c a l l  
o f  l o c a t i o n  i n f o r m a t i o n  a s s i s t s  i n  the  r e t e n t i o n  o f  o th e r  
to-be-remembered m a t e r i a l .  From t h i s  p e r s p e c t i v e ,  
performance under i n t e n t i o n a l  c o n d i t i o n s  ( th e  s u b je c t  i s  
in fo rm ed  t h a t  he/she has to  remember the  l o c a t i o n )  w i l l  not  
be d i f f e r e n t  from performance under an i n c i d e n t a l  r e c a l l  
c o n d i t i o n .  F u r t h e r ,  Hasher and Zacks (1979) and A c redo lo ,  
P i c k ,  and Olsen (1975) c la im  t h a t  a u to m a t ic  processes such 
as remembering l o c a t i o n  i n f o r m a t i o n ,  are l i m i t e d  i n  t h e i r  
deve lopment .
An i n d i v i d u a l  seems to  depend on th re e  types o f  
i n f o r m a t i o n  i n  o rde r  t o  ach ieve  a b e t t e r  o r i e n t a t i o n  w i th  
the env i ronm en t :  landmark,  r o u t e ,  and survey  knowledge 
(Thorndyke & G o ld in  1983).  Landmark knowledge in v o lv e s  the 
p e rc e p t io n  o f  i n f o r m a t i o n  about l o c a t i o n s  i n  the 
en v i ronm en t .  R iese r  (1983) notes t h a t  l o c a t i o n  r e f e r s  to  
the  spo t  a t  which an o b je c t  r e s t s  o r  an event  takes  p la ce .  
Accord ing  to  Mand le r ,  S e e g m i l l e r ,  and Day (1977 ) ,  event  and 
l o c a t i o n  are p o s i t i v e l y  c o r r e l a t e d .  The c lo se  r e l a t i o n  
between r e t e n t i o n  o f  l o c a t i o n  i n f o r m a t i o n  and the event 
which takes p lace  su p po r ts  the p o s i t i o n  t h a t  a u t o m a t i c a l l y  
encoded s p a t i a l  i n f o r m a t i o n  can be used as r e t r i e v a l  cues
f o r  t h a t  even t  (Hasher & Zacks,  1979) .  A ccu ra te  landmark 
knowledge i s  a n e c e s s i t y  f o r  r e c o g n i t i o n  o f  l o c a t i o n  
i n f o r m a t i o n .  A cc o rd in g  t o  R ie s e r  ( 1 9 8 3 ) ,  t h i s  typ e  o f  
r e c o g n i t i o n  i s  based on m a tch ing  landmarks  w i t h  p e r c e p tu a l  
f e a t u r e s  t h a t  are  s t o r e d  i n  memory.
Route knowledge,  wh ich  i s  i n f o r m a t i o n  about  the  
sequence o f  a c t i o n s  r e q u i r e d  to  f o l l o w  a p a r t i c u l a r  
r o u te ,  i s  c a te g o r i z e d  by more n o t i c e a b le  o r  s a l i e n t  cues 
p re s e n t  a t  p o i n t s  a lo n g  the  r o u te  such as t u r n s .  Route 
knowledge i s  the  s p a t i a l  r e l a t i o n  between two p o i n t s ,  the  
r o u te  c o n n e c t in g  them. L e a rn in g  p r o c e d u r a l  knowledge can be 
accomp l ished  th ro u g h  m en ta l  s im u la t i o n  by comput ing  s p a t i a l  
r e l a t i o n s ,  such as d i s t a n c e  and d i r e c t i o n  o r  by t r a v e l i n g  
between the  two l o c a t i o n s  (Thorndyke & G o ld in ,  1983).
Survey knowledge i s  knowledge o f  the  c o n f i g u r a l  r e l a t i o n s  
among l o c a t i o n s  and r o u te s  i n  an e n v i ro n m e n t .  Survey 
knowledge i s  d i f f i c u l t  t o  l e a r n  because i t  r e q u i r e s  
c o m p l ic a te d  co m p u ta t io n  and re pe a te d  m enta l  s h i f t s  from a 
p e r s p e c t i v e  above th e  e n v i ron m e n t  to  a p e r s p e c t i v e  w i t h i n  
the  e n v i ro n m e n t .
I t  has been sugges ted  t h a t  c h i l d r e n  have a d e f i c i t  i n  
knowledge o f  th e  en v i ron m e n t  due to  a l a c k  o f  o r g a n i z a t i o n  
o f  su c c e s s iv e  p e r c e p t i o n s  ( S ie g e l  & White  1975) .  S p a t i a l  
knowledge c o n s i s t s  o f  s e v e r a l  s p a t i a l  r e p r e s e n t a t i o n s  
h i e r a r c h i c a l l y  o r g a n iz e d .  A c re d o lo ,  P i c k ,  and Olsen (1975) 
dem onstra ted  t h a t  3 - y e a r - o l d s  c o u ld  r e c a l l  s p a t i a l
i n f o r m a t i o n  as w e l l  as 8 - y e a r - o l d s  i n  u n f a m i l i a r  
e n v i ro n m e n ts ,  b u t  when th e  e n v i ron m en t  was f a m i l i a r  the  
o ld e r  s u b je c t s  had more a c c u ra te  r e c a l l .  T h is  occu rs  
because as c h i l d r e n  g e t  o l d e r ,  th e y  r e l y  on sem ant ic  cues 
f o r  o r g a n i z a t i o n  (W inga rd ,  Buchanan, & B u r n e l l ,  1978) .  Th is  
n o t i o n ,  t o o ,  has been amply dem ons t ra ted  i n  motor re se a rc h  
as w e l l  (G a l la g h e r  & Thomas, 1986) .
R e c a l l i n g  l o c a t i o n  i n  a p o s i t i o n i n g  ta s k  by 5 - ,  7 - ,  and 
1 1 -ye a r  o ld  s u b je c t s ,  as w e l l  as a d u l t s  was compared by 
G a l la g h e r  and Thomas (1 9 8 6 ) .  Three typ e s  o f  o r g a n i z a t i o n  
were s t u d ie d :  e x p e r im e n te r  p rese n te d  o r g a n i z a t i o n  (EPO), 
t r a i n i n g  o r g a n i z a t i o n  (TO),  and s u b j e c t i v e  o r g a n i z a t i o n  
(SO). I t  was found t h a t  ma jo r  changes i n  the  use o f  
s t r a t e g i e s  occu r  a t  each age. The 5 - y e a r - o l d s  d id  no t  use 
an o r g a n i z a t i o n a l  s t r a t e g y .  The 7 - y e a r - o l d s  used the  
o r g a n i z a t i o n a l  cues,  b u t  d id  no t  use t h i s  s t r a t e g y  i n  a 
t r a n s f e r  t a s k .  The 1 1 - y e a r - o ld s  used an o r g a n i z a t i o n a l  
s t r a t e g y  o n ly  when the  l o c a t i o n  i n f o r m a t i o n  was p rese n ted  to  
them in  an o rg a n iz e d  f a s h io n ,  and t h e y ,  th e n ,  t r a n s f e r r e d  
the  s t r a t e g y  t o  a new t a s k .  However, when the  i n f o r m a t i o n  
was p res e n te d  i n  an u no rg a n iz e d  f a s h io n ,  they  f a i l e d  to  
r e s t r u c t u r e  th e  i n f o r m a t i o n .  A d u l t s  used the  o r g a n i z a t i o n a l  
s t r a t e g y  ve ry  e f f e c t i v e l y  r e g a r d le s s  o f  how i t  was p resen ted  
and t r a n s f e r r e d  the  s t r a t e g y  t o  a s i m i l a r  t a s k .
A u to m a t i z a t i o n  i s  an im p o r t a n t  a spec t  o f  s k i l l  
development (LaBerge & Samuels, 1974; Logan, 1985).
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Accord ing  to  Hasher and Zacks (1979 ) ,  a u to m a t ic  p roc e s s in g ,  
in  c o n t r a s t  to  e f f o r t f u l  p ro c e s s in g ,  r e q u i r e s  no e f f o r t ,  no 
r e h e a r s a l ,  shows no improvement w i t h  t r a i n i n g ,  does not  
r e q u i r e  a t t e n t i o n ,  occurs  w i t h o u t  awareness, and has l i t t l e  
or  no e f f e c t  on the  c a p a c i t y  o f  p ro ce ss in g  o th e r  
i n f o r m a t i o n .  In  a d d i t i o n ,  Posner and Snyder (1975) 
suggested t h a t  ta sks  are th o u g h t  t o  be a u to m a t ic  i f  they can 
be performed q u i c k l y  and e f f o r t l e s s l y .
Logan (1 985 ) ,  though,  argued t h a t  a u t o m a t i c i t y  i s  no t  
a b s o lu te  and r e f e r s  to  o n ly  s p e c i f i c  p r o p e r t i e s  o f  
performance i n f e r r i n g  a cont inuum e x i s t s .  Bu t ,  a cco rd in g  to  
Hasher and Zacks (1 979 ) ,  the  p r o p e r t i e s  which are processed 
a u t o m a t i c a l l y  cannot be p laced on a con t inuum. Thus, these 
p r o p e r t i e s  are e i t h e r  a u t o m a t i c a l l y  processed or n o t .
Logan (1985) argued t h a t  l e a r n i n g  i s  im p o r ta n t  in  
p roduc ing  a u t o m a t i c i t y ,  and, a u t o m a t i c i t y  shou ld  be viewed 
as a cont inuum. An example o f  t h i s  process i s  l e a r n i n g  to  
r i d e  a b i c y c l e .  Logan added t h a t  p r o p e r t i e s  o f  a s k i l l  
change c o n t in u o u s ly  w i t h  p r a c t i c e  and th e re  i s  a l i m i t  on 
the degree o f  a u t o m a t i c i t y  one can a t t a i n  on a t a s k .  Logan 
(1985) s u b s ta n t i a t e d  W est 's  (1967) c o n te n t i o n  t h a t  t y p i s t s  
s h i f t  from p re d o m in a n t ly  v i s u a l  feedback a t  e a r l y  s tages o f  
s k i l l  a c q u i s i t i o n  to  p re d o m in a n t ly  k i n e s t h e t i c  feedback 
d u r in g  l a t e r  s tages .
L i c h t y  (1984) c r i t i c i z e d  Hasher and Zacks '  r e p o r t  about 
a u t o m a t i c i t y  o f  p ro ce ss in g  f re qu e ncy .  He p o s tu la te d
t h a t  the au to m a t ic  p ro ce ss in g  o f  f requency  may be p a r t  o f  
the  bas ic  hardware o f  the  memory system. An example o f  t h i s  
i s ,  s t o r i n g  p ro c e d u ra l  i n f o r m a t i o n  i n  computer memory 
w i t h o u t  us ing  computer c a p a c i t y  to  deve lop the  p rocedures ,  
re c o g n iz in g  d i f f i c u l t y  i n  assess ing  a u t o m a t i c i t y .  L i c h t y  
(1984) p o in te d  out f o u r  o b s ta c le s  to  c o n s id e r :  (a )  the 
d is tu rb a n c e  o f  the au to m a t ic  p rocess ing  d u r in g  
i n v e s t i g a t i o n ;  (b)  the  t im in g  o f  an i n v e s t i g a t i o n  f o r  a task  
which i s  s h i f t i n g  w i th  p r a c t i c e  from be ing e f f o r t f u l  to  
be ing  a u to m a t ic ;  (c )  the  d i f f i c u l t y  o f  u n d e rs ta n d in g  how 
au to m a t ic  processes i n  an organism are analogous to  
h a rd w i r in g  i n  a computer;  and, (d)  the  d i f f i c u l t y  o f  
d e s c r i b i n g  the  component which re p re s e n ts  s to ra g e  and 
r e t r i e v a l  f a c t o r s .
The f o l l o w in g  two expe r im en ts  are designed to  s tudy the 
n a tu re  o f  encoding l o c a t i o n  i n f o r m a t i o n .  S p e c i f i c a l l y ,  they 
were developed to  de te rm ine  i f  l o c a t i o n  i n f o r m a t i o n  in  a 
l a r g e - s c a le  env i ronment i s  a u t o m a t i c a l l y  encoded. The 
a u t o m a t i c i t y  o f  encoding s p a t i a l  i n f o r m a t i o n  about the 
env ironment i s  e va lua ted  w i t h  re spe c t  to  the  f o l l o w in g  
param ete rs :  (a )  the e f f e c t  o f  i n t e n t  on r e c a l l i n g  s p a t i a l  
l o c a t i o n s ;  (b )  the e f f e c t  o f  t e s t i n g  l a y o u t  on r e c a l l i n g  
l o c a t i o n  i n f o r m a t i o n ;  (c )  the  e f f e c t  o f  p r a c t i c e  on 
r e c a l l i n g  l o c a t i o n  i n f o r m a t i o n ;  (d )  The e f f e c t  o f  age on 
r e c a l l i n g  l o c a t i o n  i n f o r m a t i o n .
In  the  f i r s t  e x p e r im e n t ,  an i n c i d e n t a l  ve rsus  
i n t e n t i o n a l  memory paradigm i s  used to  d e te rm in e  whether  
l o c a t i o n  i n f o r m a t i o n  i s  a u t o m a t i c a l l y  encoded o r  e f f o r t  i s  
r e q u i r e d  t o  p rocess  th e  i n f o r m a t i o n .  I n  th e  second 
e x p e r im e n t ,  p r a c t i c e  e f f e c t s  are  t e s t e d .  In  bo th  
e x p e r im e n ts ,  t h re e  age groups ( 7 -  and 1 1 - y e a r - o l d s ,  and 
a d u l t s )  are  the  s u b je c t s  s t u d ie d  t o  d e te rm in e  whether  the  
a b i l i t y  t o  encode s p a t i a l  i n f o r m a t i o n  in c re a s e s  w i t h  age.
The two e xp e r im e n ts  are  des igned  to  s tu d y  memory f u n c t i o n  i n  
n a t u r a l  s e t t i n g s  and i t s  re le v a n c e  to  everyday  movement 
p e r fo rm a n c e .
Exper im en t  1
The a u t o m a t i c i t y  o f  p ro c e s s in g  l o c a t i o n  i n f o r m a t i o n  has 
been s tu d ie d  in  d i f f e r e n t  ways. A compar ison between 
i n c i d e n t a l  and i n t e n t i o n a l  methods has o f t e n  been used. 
A l l e n ,  S i e g e l ,  and R o s in s k i  (1978) used p i c t u r e s  to  t e s t  the  
a b i l i t y  o f  t h e i r  s u b je c t s  t o  remember l o c a t i o n  i n f o r m a t i o n .  
S u b je c ts  had to  dem ons t ra te  t h e i r  a b i l i t y  t o  r e t r i e v e  su rvey  
knowledge, th u s ,  s i g h t  was a dominant a c t i v e  sense in  
p e r fo rm in g  the  t a s k ;  o th e rs  have used r e a l  w o r ld  t a s k s .  In  
these  in s t a n c e s ,  s u b je c t s  walked th ro u g h  th e  env i ronm e n t  and 
had to  remember l o c a t i o n s  (Herman, K o l k e r ,  & Shaw, 1982).  
Here, s u b je c t s  were r e q u i r e d  to  use r o u te  knowledge i n  o rd e r  
t o  remember the  l o c a t i o n s .  Both s i g h t  and k i n e s t h e t i c  
i n f o r m a t i o n  were r e q u i r e d  to  p e r fo rm  the  t a s k .
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In  d i f f e r e n t  game s i t u a t i o n s ,  such as b a s k e t b a l l  and 
v o l l e y b a l l ,  a p la y e r  needs t o  c o n s id e r  h i s / h e r  o r i e n t a t i o n  
on the  f i e l d  to  s u c c e s s f u l l y  se t  up and execute  p la y s .
Thus, when p la y e rs  remember t h e i r  p o s i t i o n  on the  c o u r t ,  i t  
shou ld  a l lo w  the  team to  compete more e f f e c t i v e l y .  The 
f o l l o w in g  exper im ent  was c o n s t ru c te d  to  model some 
c h a r a c t e r i s t i c s  o f  a ga m e - l ike  s i t u a t i o n .  In  t h i s  
exp e r im en t ,  a com b ina t io n  o f  d i f f e r e n t  type o f  i n c i d e n t a l  
versus i n t e n t i o n a l  paradigm was used to  de te rm ine  whether 
l o c a t i o n  i n f o r m a t i o n  i s  a u t o m a t i c a l l y  encoded or  whether 
d i f f e r e n t  l e v e l  o f  a u t o m a t i c i t y  i s  d e te c te d .  The comparison 
w i l l  de te rm ine  i f  p ro ce ss in g  l o c a t i o n  i n f o r m a t i o n  can be 
viewed as be ing on a con t inuum. Three age groups (7 -  and 
1 1 - y e a r - o ld s ,  and a d u l t s )  were used as s u b je c ts  to  de te rm ine  
whether the  a b i l i t y  t o  encode s p a t i a l  i n f o r m a t i o n  in c re ase s  
w i t h  age.
Method
S u b jec ts
S u b jec ts  were 60 i n d i v i d u a l s  a t  each o f  th re e  age 
l e v e l s  7 -  (M = 7 .6  y r s ,  SD = 3 .6  mos), and 1 1 -y e a r -o ld s  (M 
= 11.4 y r s ,  SD = 3 .6  mos), and a d u l t s  (M = 19.6 y r s ,  SD = 
12.9 mos). Seven o f  the  7 - y e a r - o l d  s u b je c t s ,  and th re e  
s u b je c ts  o f  the  1 1 -y e a r -o ld s  were re p lace d  because they 
cou ld  not  pe r fo rm  the  ta s k .  S u b je c ts  c o n s is te d  o f  a d u l t  
s tu d e n ts  from L o u is ia n a  S ta te  U n i v e r s i t y  and 7 -  and
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1 1 - y e a r - o ld  e le m e n ta ry  sch oo l  s tu d e n ts  from Baton Rouge, 
R iv e r  Road and P o r t  A l l e n .  These s c h o o ls  are lo c a te d  i n  
East and West Baton Rouge P a r i s h e s ,  L o u is ia n a .
Appara tus
The ap p a ra tu s  c o n s is t e d  o f  f o u r  l o c a t i o n s  on a 
20 X 20 m f i e l d  . The d i s ta n c e s  between the  l o c a t i o n s  were 
5-10 m a p a r t  (see F ig u re  1 ) .
INSERT FIGURE 1 ABOUT HERE
The l a y o u t  o f  the  f i e l d  was " w i t h  l i n e s "  (WL) or  
" w i t h o u t  l i n e s "  (WOL). A c o m b in a t io n  o f  l i n e s  was marked on 
the  f i e l d  f o r  the  WL group (see F ig u re  l b ) .  The l e n g t h  o f  
each l i n e  was 15 m. T h is  a l lo w e d  f o r  the  e xa m in a t io n  o f  a 
s u b j e c t ' s  a b i l i t y  to  r e c a l l  l o c a t i o n s  by us in g  th e  l i n e s  as 
a r e fe r e n c e  p o i n t  i n  remembering those  l o c a t i o n s .
Procedure
Each s u b je c t  jogged  w i t h  the  e x p e r im e n te r  and per fo rm ed 
one o f  the  e x e r c i s e s  a t  each o f  the  f o u r  s e le c te d  l o c a t i o n s  
(see F ig u re  1 ) .  The f o u r  e x e r c i s e s  were: (a )  jump and t u r n  
360 degrees (one t i m e ) ,  (b )  s t r i d e  jumps ( t h r e e  t im e s ) ,
( c )  jum p ing  ja c k s  ( two t im e s ) ,  and ( c )  hop on one f o o t  ( f i v e  
t im e s ) .  The s u b je c t  was t o l d  to  s ta y  on the  r i g h t  hand s id e  
o f  the  e x p e r im e n te r  when j o g g in g  and p e r fo rm in g  the  
e x e r c i s e s .
The c o n d i t i o n  v a r i a b l e s  c o n s is t e d  o f  t h r e e  l e v e l s  t o  
which s u b je c t s  were randomly  ass igned  w i t h i n  age 
g roups :  i n t e n t i o n a l  p o s i t i o n  -  i n t e n t i o n a l  e x e r c i s e  
( IT P - I T E ) ,  i n c i d e n t a l  p o s i t i o n  -  i n t e n t i o n a l  e x e r c i s e  
( IC P - IT E ) ,  and i n c i d e n t a l  p o s i t i o n  -  i n c i d e n t a l  e x e r c i s e  
( IC P - IC E ) .  S u b je c ts  i n  the  IT P - IT E  c o n d i t i o n  group were t o l d  
the y  would have to  r e c a l l  th e  p o s i t i o n s  o f  the  e x e r c i s e s  
which th e y  would p e r fo rm  a t  v a r io u s  l o c a t i o n s  on the  f i e l d .  
The IT P - IT E  c o n d i t i o n  examined i f  the  s u b je c t  r e l a t e d  the  
p o s i t i o n  to  the  e x e r c i s e  i n  remembering the  l o c a t i o n .  
S u b je c ts  i n  th e  ITE c o n d i t i o n  were t o l d  t h a t  th e y  would have 
to  r e c a l l  the  e x e r c i s e s  which th ey  p e r fo rm e d .  The ICP-ITE 
c o n d i t i o n  de te rm in e d  whether  t r y i n g  t o  remember th e  e x e r c i s e  
he lped  s u b je c t s  r e c a l l  the  l o c a t i o n .  S u b je c ts  i n  the  
ICP-ICE c o n d i t i o n  were t o l d  n o th in g  about  the  r e c a l l  
r e q u i r e m e n t ,  o n ly  t h a t  the  e x p e r im e n te r  wished t o  see how 
th e y  pe r fo rm ed  the  t a s k s .  The ICP-ICE c o n d i t i o n  examined 
how s u b je c t s  r e c a l l e d  the  l o c a t i o n  w i t h o u t  be ing  i n s t r u c t e d  
t o  remember them.
S u b je c ts  from each c o n d i t i o n  ( IT P - IT E ,  ICP- ITE ,  and 
ICP-ICE) were randomly ass igned  t o  p e r fo rm  th e  ta s k  on the  
f i e l d  e i t h e r  w i t h  l i n e s  (WL) o r  w i t h o u t  l i n e s  (WOL). Thus, 
each o f  s i x  g roups ( c o n d i t i o n  and l i n e s )  w i t h i n  each age 
l e v e l  c o n ta in e d  10 s u b je c t s .  A f t e r  j o g g in g  w i t h  the  
e x p e r im e n te r  and p e r fo r m in g  the  e x e r c i s e s  a t  the  f o u r  
l o c a t i o n s ,  th e  s u b je c t  and the  e x p e r im e n te r  went to  e i t h e r
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p o i n t  A o r  B as shown i n  F ig u re  1. B e g in n in g  t h e r e ,  the  
s u b je c t  was asked t o  show the  e x p e r im e n te r  the  exa c t  
l o c a t i o n  ( i n  any o r d e r )  where he pe r fo rm ed th e  e x e r c i s e s ,  
t h a t  i s ,  u s in g  f r e e  r e c a l l .
Data were re co rd ed  showing the  d is ta n c e  ( i n  cm) between 
where the  s u b je c t  s tood  and the  a c t u a l  p o s i t i o n ' s  l o c a t i o n  
( c a l l e d  a b s o lu te  e r r o r ;  AE 1 ) .  The e x p e r im e n te r  a ls o  
re co rde d  th e  o rd e r  o f  r e c a l l  t o  examine th e  s u b j e c t ' s  
i n c l i n a t i o n  t o  o rg a n iz e  the  e n v i ro n m e n t .  F o l lo w in g  the  da ta  
c o l l e c t i o n ,  f o u r  q u e s t io n s  were asked o f  each s u b j e c t :
(a )  How d id  you remember where the  p o s i t i o n s  were?
(b )  Can you t h i n k  o f  any o th e r  way which may have
he lped  you t o  remember b e t t e r ?
( c )  For the  IT P - IT E  c o n d i t i o n ,  d id  you use the  
e x e r c i s e s  to  he lp  you remember the  p o s i t i o n s ?
(d )  For the  ICP-ICE c o n d i t i o n  o n l y :  d id  you have any
id e a  t h a t  you m igh t  be asked to  remember the  l o c a t i o n ?
In  a d d i t i o n ,  each s u b je c t  was asked t o  c o n s t r u c t  the  
c o n f i g u r a t i o n  o f  the  t e s t i n g  area i n  a d iag ram .
R e s u l t s
Tab le  1 i n c lu d e s  th e  means and s ta n d a rd  d e v i a t i o n s  f o r  
a b s o lu te  e r r o r  ( i n  cm) f o r  IT P - IT E ,  IC P - ITE ,  and ICP-ITE 
c o n d i t i o n s  w i t h  and w i t h o u t  l i n e s  f o r  the  t h re e  age g roups .
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I n s e r t  Table 1 about here
The independent v a r i a b l e s  o f  where s u b je c t s  began 
( s id e s )  and gender were not s i g n i f i c a n t  ( g_> .05)  when they 
were in c lu d e d  in  the a n a l y s i s .  T h e re fo re ,  these two 
c h a r a c t e r i s t i c s  were not in c lu d e d  as f a c t o r s  i n  the design 
and a na lyses .  I t  has been shown t h a t  young c h i l d r e n ' s  
performance i s  more v a r i a b l e  than o ld e r  s u b je c ts  and a d u l t s  
(Thomas, 1984).  Because o f  t h i s ,  homogeneity o f  the 
va r ia n ce  f o r  the th re e  age groups was te s te d  w i th  an F max 
t e s t  ( O t t ,  1984).  The F max t e s t  was not  s i g n i f i c a n t  F max 
(18, 9) = 1 .49 ,  p_>.05. T h e re fo re ,  the  age v a r i a b l e  was 
in c lu d e d  in  the des ign  and ana lyzed as an independent  
v a r i a b l e .
The design was a c o m p le te ly  randomized des ign  w i th  a 3 
Age X 3 C o n d i t io n  X 2 Layout f a c t o r i a l  arrangement w i th  AE 
as the dependent v a r i a b l e .  In  a d d i t i o n ,  a repeated  measures 
ANOVA des ign was used to  ana lyze the data  f o r  remembering 
the  s e r i a l  o rde r  o f  p o s i t i o n s .
The ANOVA (3 Age x 3 C o n d i t io n  x 2 Layou t)  r e s u l t s  
i n d i c a te d  s i g n i f i c a n t  d i f f e r e n c e s  ( g / . Q l )  f o r  the  th re e  main 
e f f e c t s .  F i r s t ,  t h e re  was a s i g n i f i c a n t  age e f f e c t  F_(2,
162) = 87 .03 ,  p / . O l .  The po s t -h o c  a n a ly s i s  us in g  the 
Student-Newman-Keuls t e s t  i n d i c a t e d  t h a t  the  a d u l t s  (M =
124.4 ,  SD = 103.1)  were s i g n i f i c a n t l y  more a ccu ra te  than
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the  l l - y e a r ~ o l d s  (M = 2 1 6 .3 ,  SD = 1 4 2 .6 ) ,  and the  
1 1 - y e a r - o ld s  pe r fo rm ed more a c c u r a t e l y  than  the  7 - y e a r - o l d s  
(M = 2 9 7 .2 ,  SD = 1 9 1 . 7 ) .
There was a s i g n i f i c a n t  c o n d i t i o n  e f f e c t ,  F_(2, 162) = 
2 8 .7 ,  g_<.01. The p o s t -h o c  a n a l y s i s  u s in g  the  
Student-Newman-Keuls t e s t  i n d i c a t e d  t h a t  a l l  t h re e  groups 
d i f f e r e d  s i g n i f i c a n t l y  w i t h  th e  ITP - ITE  c o n d i t i o n  (M =
163 .8 ,  SD = 13 6 .5 )  p e r fo r m in g  more a c c u r a t e l y  than  the  ITE 
c o n d i t i o n  (M = 2 1 1 .2 ,  SD = 1 41 .8 )  and the  ICP-ITE c o n d i t i o n  
p e r fo r m in g  more a c c u r a t e l y  than  the  ICP-ICE c o n d i t i o n  (M_ = 
26 3 .0 ,  SD = 1 5 2 .4 ) .
There was a ls o  a s i g n i f i c a n t  main e f f e c t  f o r  the  
presence o r  absence o f  l i n e s  on the  f i e l d ,  F_(l, 162) =
13 .29 ,  g_<.01. S u b je c ts  i n  the  WL c o n d i t i o n  (M = 193 .2 ,  SD = 
142 .5 )  were more a c c u ra te  than  those  in  the  WOL c o n d i t i o n  (M 
= 2 3 2 .2 ,  SD = 1 5 3 .2 ) .  None o f  the  i n t e r a c t i o n s  were 
s i g n i f i c a n t  (g_>.05).
The repea ted  measures ANOVA was s i g n i f i c a n t  f o r  age, 
c o n d i t i o n  and l i n e s  main e f f e c t s .  The s i g n i f i c a n c e  o f  age 
and c o n d i t i o n  were r e p o r t e d  p r e v i o u s l y .  The p o s i t i o n  main 
e f f e c t  was s i g n i f i c a n t ,  F (3 ,  486) = 4 4 .9 7 ,  g_<.01. The 
f o l l o w u p  a n a l y s i s  u s in g  the  Student-Newman-Keuls t e s t  
i n d i c a t e d  a s i g n i f i c a n t  d i f f e r e n c e  between the  f i r s t  
p o s i t i o n  (M = 1 3 5 .6 ,  SD = 110 .2 )  and the  o th e r  t h re e  
p o s i t i o n s .  The second p o s i t i o n  (M = 2 2 0 .4 ,  SD = 138 .6 )  was 
a ls o  s i g n i f i c a n t l y  d i f f e r e n t  from the  o th e r  two p o s i t i o n s .
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The t h i r d  p o s i t i o n  (M = 251 .9 ,  SD = 155.2)  was not  
s i g n i f i c a n t l y  d i f f e r e n t  from the f o u r t h  p o s i t i o n  (M_ = 242.8 ,  
SD = 1 5 8 .3 ) .  The age by p o s i t i o n  i n t e r a c t i o n  was 
s i g n i f i c a n t  F_(6 , 486) = 2 .6 2 ,  p_<.05. However, t h i s  i s  a 
sm a l l  d i f f e r e n c e  d e te c te d  because o f  the presence o f  so many 
degrees o f  f reedom. Thus, any f o l l o w - u p s  or i n t e r p r e t a t i o n  
i s  tenuous.  F ig u re  2 i l l u s t r a t e s  the a b s o lu te  e r r o r  o f  
r e c a l l  as a f u n c t i o n  o f  s e r i a l  p o s i t i o n  f o r  th re e  age 
g ro u p s .
I n s e r t  F ig u re  2 about here
The answers to  the  q u e s t io n s  s u b je c ts  were asked a f t e r  
the data  c o l l e c t i o n  sess ion  i n d i c a t e d  t h a t  none o f  the IC 
s u b je c ts  tho u g h t  they  would be asked to  r e c a l l  the 
p o s i t i o n s .  One hundred and f i f t y - e i g h t  o f  the  180 s u b je c ts  
went to  the  " s t a r t "  p o in t  to  beg in  r e c a l l  o f  the fo u r  
p o s i t i o n s ,  and they  r e p o r te d  t h a t  t h i s  he lped them to  
r e c a l l .  A l l  o f  the  a d u l t s  r e p o r te d  the  use o f  some type  o f  
s t r a t e g y  to  r e c a l l  the  p o s i t i o n s .  A l l  o f  them re p o r te d  t h a t  
the  e x e r c i s e s ,  t h e i r  sequence, the  s t a r t i n g  p o s i t i o n ,  or  the 
r e l a t i o n s  among the  p o s i t i o n s  helped them to  r e c a l l  the 
l o c a t i o n s .  In  bo th  i n t e n t i o n a l  g roups ,  35 o f  the  40 
s u b je c ts  re p o r te d  the  use o f  re h e a rs a l  s t r a t e g y .  In  the 
ITP-ITE group, when l i n e s  were a v a i l a b l e  (WL), 7 o f  the  10 
s u b je c ts  r e p o r te d  t h a t  they  used the  l i n e s  f o r  d i r e c t i o n  and
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d is ta n c e  as r e fe r e n c e ,  and 3 o f  the 10 s u b je c ts  re p o r te d  
t h a t  they  used the  l i n e s  f o r  s e l e c t i n g  the "box"  or 
" sq ua re s "  to  r e c a l l  the  c o r r e c t  l o c a t i o n s .  Because o f  the 
l i n e s  s t r u c t u r e  (see F ig u re  l b ) ,  t h e i r  image o f  the la y o u t  
was l i k e  boxes o r  squares .
For the  a d u l t  ICP-ITE group,  8  o f  the 10 s u b je c ts  used 
l i n e s  f o r  c a l c u l a t i o n  o f  d i r e c t i o n s  and d is ta n c e s  when l i n e s  
were a v a i l a b l e ,  and 2  o f  1 0  s u b je c ts  re p o r te d  they  used the 
l i n e s  f o r  s e l e c t i n g  the  " s q u a re s " .  For the i n c i d e n t a l  
ICP-ICE group,  5 o f  the  10 s u b je c ts  used l i n e s  f o r  
c a l c u l a t i o n  d i r e c t i o n  and d is ta n c e  when l i n e s  were 
a v a i l a b l e ,  and 2  o f  1 0  s u b je c ts  re p o r te d  t h a t  they  used the  
l i n e s  f o r  s e l e c t i n g  the  "sq ua re s "  to  r e c a l l  where the 
l o c a t i o n s  were. The rem a in in g  3 s u b je c ts  d id  no t  r e p o r t  
t h a t  the  l i n e s  helped them to  r e c a l l  the  p o s i t i o n s .
In  a d d i t i o n ,  the  s u b je c ts  were asked to  draw a map and 
to  mark the l o c a t i o n s .  The d e te rm in a t io n  o f  whether the  
s u b je c t  drew a c o r r e c t  map or  no t  was done by comparing the  
r e l a t i o n s  among the  l o c a t i o n s  to  the  r e l a t i o n s  o f  the  marks 
drawn (see F ig u re  1 ) .  The a n a ly s is  o f  the c h a r t s  i n d i c a t e d  
t h a t  55 out  o f  the  60 a d u l t  s u b je c ts  drew a reasonab ly  
c o r r e c t  map.
The r e p o r t  o f  the  1 1 -y e a r -o ld s  i n d i c a t e d  t h a t  o n ly  43 
o f  the  60 o f  the  s u b je c ts  used some types  o f  s t r a t e g i e s .  
Tw en ty -n ine  o f  the 40 s u b je c ts  o f  bo th  i n t e n t i o n a l  
c o n d i t i o n s  used a r e h e a rs a l  s t r a t e g y  and re p o r te d  t h a t  the
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sequence he lped them to  r e c a l l .  T h i r t e e n  s u b je c ts  o f  the 
ITP-ITE c o n d i t i o n ,  15 s u b je c ts  o f  the  ICP-ITE c o n d i t i o n ,  and 
5 s u b je c ts  o f  the  ICP-ICE c o n d i t i o n  re p o r te d  t h a t  the 
e x e rc is e s  an d /o r  t h e i r  sequence helped them to  r e c a l l  the 
l o c a t i o n s .  Twenty- two s u b je c ts  i n  a l l  c o n d i t i o n s ,  when 
l i n e s  were a v a i l a b l e ,  re p o r te d  t h a t  they  used l i n e s  to  
de te rm ine  the  l o c a t i o n s  o f  s p e c i f i c  " b o x " .  T h i r t y - s e v e n  o f  
the 1 1 - y e a r - o ld s  drew c o r r e c t  maps; and, n in e te e n  o f  them 
were from the WL g roup.
T w e n ty -e ig h t  o f  the  60 7 - y e a r - o l d s  r e p o r te d  t h a t  they 
used s t r a t e g i e s .  S ix te e n  s u b je c ts  o f  bo th  i n t e n t i o n a l  
c o n d i t i o n s  used re h e a r s a l  s t r a t e g y  and re p o r te d  t h a t  the 
sequence helped them to  r e c a l l .  S i x ,  9, and 8  s u b je c ts  in  
the  ITP - IT E ,  ICP-ITE, and ICP-ICE c o n d i t i o n  r e s p e c t i v e l y ,  
re p o r te d  t h a t  the  e x e rc i s e s  a n d /o r  t h e i r  sequence helped 
them to  r e c a l l  the l o c a t i o n s .  N ine teen s u b je c t s  in  a l l  
c o n d i t i o n s ,  when l i n e s  were a v a i l a b l e ,  r e p o r te d  t h a t  they  
used the  l i n e s  to  de te rm ine  the  l o c a t i o n s  o f  the  " s q u a re " .  
Twenty-one o f  the 7 -y e a r  o ld s  drew c o r r e c t  maps; and, 
f i f t e e n  o f  them were from the WL group .
These responses i n d i c a t e d  t h a t  the  s u b je c ts  who were 
i n s t r u c t e d  to  remember the  e x e rc is e s  ( ITE c o n d i t i o n ) ,  or  the 
e x e rc is e s  and the  p o s i t i o n  ( IT P - IT E  c o n d i t i o n ) ,  r e p o r te d  
they  used s t r a t e g i e s  to  remember the  l o c a t i o n s .  Most o f  the 
ITP-ITE s u b je c ts  r e p o r te d  the  e x e rc is e s  he lped them to  
remember the  l o c a t i o n s .  Most o f  the  WL group used the l i n e s
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to  remember the  l o c a t i o n s .  The a d u l t s  d e s c r ib e d  the  use o f  
l i n e s  i n  te rms o f  d i s t a n c e  w i t h  r e l a t i o n  to  the  l o c a t i o n  to  
r e c a l l .  A d u l t s  used more s t r a t e g i e s  than  the  1 1 - y e a r - o ld s .  
Only a few 7 - y e a r - o l d s  r e p o r t e d  they  used s t r a t e g i e s .
D is c u s s io n
In  the  p re s e n t  e x p e r im e n t ,  bo th  g roups ,  ITP - ITE  and 
IC P- ITE ,  pe r fo rm ed b e t t e r  than  the  c o n t r o l ,  ICP-ICE 
s u b je c t s ,  i n  a l l  age g rou p s .  F u r th e rm o re ,  the  ITP - ITE  
s u b je c t s  who re c e iv e d  i n f o r m a t i o n  about the  need to  remember 
the  l o c a t i o n s  and e x e r c i s e s  were more a c c u ra te  than the  
ICP-ITE s u b je c t s ,  who r e c e iv e d  i n f o r m a t i o n  about the  need to  
remember o n ly  the  e x e r c i s e s .  The compar ison between the  
th re e  c o n d i t i o n s  a ls o  i n d i c a t e d  t h a t  the  d i f f e r e n c e  between 
the  two c o n d i t i o n s ,  IT P - IT E  and ICP-ITE f o r  the  1 1 - y e a r - o ld s  
and the  a d u l t s  was s m a l le r  than  between the  7 - y e a r - o l d s  and 
the  o th e r  s u b je c t s .  A d d i t i o n a l  i n s t r u c t i o n s ,  t o  remember 
the  l o c a t i o n  and the  e x e r c i s e s ,  d id  no t  add as much to  the  
r e c a l l  accu racy  o f  the  o ld e r  s u b je c t s  and the  a d u l t s  as i t  
d id  w i t h  the  younger s u b je c t s .
Hasher and Zacks d e s c r ib e d  re s e a rc h  t o  s u p p o r t  t h e i r  
assumpt ion  d e m o n s t ra t in g  t h a t  i n t e n t i o n  t o  le a r n  d id  no t  
h e lp  s u b je c t s  to  remember l o c a t i o n  i n f o r m a t i o n  which was 
p resen ted  e i t h e r  i n  p i c t u r e s  (von W r ig h t ,  Gebhard, & 
K a r t t u n e n ,  1975),  o r  s m a l l  s c a le  env i ron m e n ts  (M and le r ,  
S e e g m i l l e r ,  & Day, 1977 ) .  In  c o n t r a s t ,  A c re d o lo ,  P ick  and
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Olsen (1 975 ) ,  and Herman, K o lk e r ,  and Shaw (1982) re p o r te d  
t h a t  i n t e n t i o n  to  remember he lped t h e i r  s u b je c ts  r e c a l l  
s p a t i a l  l o c a t i o n .  The comparison among the  d i f f e r e n t  
c o n d i t i o n s  i n d i c a t e s  t h a t  p ro ce ss in g  l o c a t i o n  i n f o r m a t i o n  
may be processed w i th  d i f f e r i n g  l e v e l s  o f  a u t o m a t i c i t y  w i th  
r e l a t i o n  to  the  ta sk  demand, and can be viewed as processed 
a long a con t inuum. The extremes o f  the cont inuum are 
e f f o r t f u l  on one end and a u to m a t ic  on the o th e r .  P o in ts  i n  
between are equal  to  l e v e l s  o f  e f f o r t  in  a t t a i n i n g  the 
s k i l l .
In  a l l  c o n d i t i o n s ,  the  f re e  r e c a l l  accuracy  o f  the 
l o c a t i o n s  improved w i t h  age. Th is  f i n d i n g  does no t  suppo r t  
Hasher and Z acks 1 (1979) assumption t h a t  l o c a t i o n  in fo rm a ­
t i o n  i s  a u to m a t ic a ly  encoded in  memory. Hasher and Zacks 
i n d i c a t e d  t h a t  deve lopmenta l  t re n d s  i n  remembering l o c a t i o n  
i n f o r m a t i o n  shou ld  be very  l i m i t e d  ( i . e . ,  end a t  a young 
age) .  The data  o f  the  p rese n t  exper im en t  shows t h a t  
accuracy o f  r e c a l l  c o n t in u e s  pas t  1 1  years  o f  age.
The la y o u t  o f  the  f i e l d  had an a f f e c t  on the  s u b je c t s '  
accuracy o f  r e c a l l .  The comparison between the  groups who 
performed on the  f i e l d  w i th  l i n e s  (WL) and w i t h o u t  l i n e s  
(WOL) i n d i c a t e d  the  l i n e s  helped in  a l l  t h re e  age groups.  
Fu r the rm ore ,  the  youngest s u b je c ts  depended more on the 
l i n e s  ( landm arks)  than the o ld e r  s u b je c t s .  These f i n d i n g s  
suppo r t  e a r l i e r  work by Acredo lo  e t  a l .  (1975) who 
demonstra ted how landmarks he lp  r e c a l l  l o c a t i o n
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i n f o r m a t i o n .  The landmarks i n  t h e i r  e x p e r im e n t  in c re a s e d  
the  accuracy  o f  the  3 -  and 4 - y e a r - o l d s  t o  the  l e v e l  o f  the  
8 - y e a r - o l d s .  The o ld e r  s u b je c t s  i n  t h e i r  e x p e r im e n t ,  were 
a c c u ra te  whether  o r  n o t  the  landmarks were p r e s e n t ,  which 
sugges ts  th e y  d id  n o t  need the  cues p ro v id e d  by the  
landm arks .  These f i n d i n g s  were r e p l i c a t e d  i n  t h i s  s tu d y  
w i t h  o l d e r  s u b je c t s .  I t  i s  dem onstra ted  i n  Tab le  1 t h a t  
7 - y e a r - o l d s  i n s t r u c t e d  to  remember and h a v ing  l i n e s  
a v a i l a b l e  r e c a l l e d  as e f f e c t i v e l y  as 1 1 - y e a r - o l d s  i n  the  
c o n t r o l  c o n d i t i o n  w i t h o u t  l i n e s .  T h is  same f i n d i n g  i s  
e v id e n t  when comparing the  1 1 - y e a r - o l d s  w i t h  the  a d u l t s .
The s e r i a l  p o s i t i o n  ana lyses  i n d i c a t e d  t h a t  the  g e n e ra l  
t r e n d  o f  r e c a l l  was the  same f o r  a l l  o f  th e  age g roups .  The 
s u b je c t s  remembered the  f i r s t  p o s i t i o n  the  b es t  (p r im acy  
e f f e c t ) ,  and t h e r e  was a l i t t l e  d i f f e r e n c e  i n  r e c a l l  o f  the  
o th e r  t h re e  l o c a t i o n s .  T h is  f i n d i n g  c o n t r a d i c t s  Hagen and 
S ta n o v ic h  (1977) who found l a c k  o f  a p r im acy  e f f e c t  i n  
younger c h i l d r e n  on c o g n i t i v e  t a s k s .  M a g i l l  and Dowel l  
(1 9 7 7 ) ,  u s in g  l i n e a r  p o s i t i o n i n g  ta s k s  w i t h  a d u l t s ,  found 
t h a t  f o r  t h re e  movements s u b je c t s  r e c a l l e d  th e  f i r s t  
movement b e t t e r  than  th e  second, and most e r r o r s  were found 
i n  the  l a s t  movement. In  a s i x  movement sequence, t h e re  was 
p r imacy  and some recency  e f f e c t s .  In  a n in e  movement 
sequence, t h e r e  were bo th  p r im acy  and recency  e f f e c t s .  The 
s u b je c t s  r e c a l l e d  the  f i r s t  and the  l a s t  movements 
b e s t .  R e c a l l  i n  t h i s  s tu dy  d id  no t  produce the  i n v e r t e d  U
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curves re p o r te d  by M a g i l l  and Dowel l f o r  the  n ine  movement 
sequence, but was s i m i l a r  to  th re e  and s i x  movement 
sequences.
In  summary, Hasher and Zacks'  (1979) p o s i t i o n  i s  not  
supported  by these r e s u l t s .  In c re a s in g  age o f  s u b je c t s ,  
i n t e n t i o n  to  remember, and s p a t i a l  l o c a t i o n  cues in c reased  
the  accuracy o f  r e c a l l  i n  s p a t i a l  l o c a t i o n .  I f  s p a t i a l  
l o c a t i o n  were a u t o m a t i c a l l y  encoded, m a n ip u la t in g  these 
f a c t o r s  shou ld  have l i t t l e  i n f l u e n c e  on r e c a l l .  The second 
exper im ent  a lso  e x p lo re d  Hasher and Z ack 's  (1979) p r e d i c t i o n  
t h a t  p r a c t i c e  does no t  a f f e c t  accuracy  o f  r e c a l l i n g  l o c a t i o n  
i n f o r m a t i o n .
Exper iment 2
The d e f i n i t i o n  o f  a u t o m a t i c i t y  i n d i c a t e s  t h a t  
p r a c t i c i n g  the  task  w i l l  no t  he lp  the  s u b je c t  r e t r i e v e  
l o c a t i o n  i n f o r m a t i o n  because i t  shou ld  be a u t o m a t i c a l l y  
processed (Hasher & Zacks, 1979).  A p r a c t i c e  v a r i a b l e  was 
in t ro d u c e d  to  t e s t  i f  th e re  would be an improvement in  
r e c a l l i n g  the  l o c a t i o n  i n f o r m a t i o n .  S u b je c ts  began to  
r e c a l l  the  l o c a t i o n s  from a s t a r t i n g  p o in t  d i f f e r e n t  from 
the p r a c t i c e  t r i a l s .  Th is  type  o f  p rocedure  made i t  more 
d i f f i c u l t  to  r e c a l l .  Each s u b j e c t ' s  r e c a l l  depended on 
o r g a n iz a t i o n  o f  the env ironment w i th  rega rd  to  the 
c o n f i g u r a l  r e l a t i o n s  among the  l o c a t i o n s  and ro u te s  i n  the 
f i e l d .  Th is  was s i m i l a r  to  a game s i t u a t i o n  where the
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p la y e r  has t o  g e t  t o  the  c o r r e c t  p o s i t i o n  from d i f f e r e n t  
d i r e c t i o n s .  The e xp e r im e n t  examined p r a c t i c e  and 
d eve lopm en ta l  e f f e c t s  i n  r e c a l l i n g  l o c a t i o n  i n f o r m a t i o n .
Method
Sub.jects
There were 30 s u b je c t s  i n  each age g roup ,  7 -  (M = 7 .6  
y r s ,  SD = 3 .6  mos),  1 1 -y e a rs  (M = 11.5  y r s ,  SD = 4 . 0 ) ,  and 
a d u l t s  (M = 19 .2  y r s ,  SD = 1 0 . 0 ) .  F iv e  o f  th e  7 - y e a r - o l d s  
and t h r e e  o f  the  1 1 - y e a r - o l d s  were r e p la c e d  because the y  
co u ld  no t  p e r fo rm  the  t a s k .  The s u b je c t s  f o r  the  second 
e xp e r im e n t  were from the  same s c h o o ls  as the  s u b je c t s  f o r  
th e  f i r s t  e x p e r im e n t ,  b u t  they  d id  no t  p a r t i c i p a t e  i n  the  
f i r s t  e x p e r im e n t .
Appara tus
The ap p a ra tu s  i n  th e  second e xp e r im e n t  was the  same as 
i n  the  f i r s t  e x p e r im e n t  w i t h  the  l i n e s  (see F ig u r e  l b ) .  
Procedure
W i th in  each age g roup ,  s u b je c t s  were randomly ass igned  
to  t h re e  p r a c t i c e  g roups .  The f i r s t  p r a c t i c e  group 
pe r fo rm ed the  same as the  i n c i d e n t a l  group ( IC P- IC E)  i n  the  
f i r s t  e x p e r im e n t .  The second p r a c t i c e  group was th e  same as 
the  f i r s t  g roup ,  excep t  t h a t  the  s u b je c t  re pea ted  t w ic e  w i t h  
the  e x p e r im e n te r  the  t o t a l  p rocedu re  ( s t a r t i n g  from " s t a r t "  
p o s i t i o n  and end ing  a t  the  f o u r t h  l o c a t i o n )  b e fo re  r e c a l l i n g  
the  l o c a t i o n s  i n  any o r d e r  he /she  wanted ( f r e e  r e c a l l ) .  The
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t h i r d  p r a c t i c e  group was the  same as the  second p r a c t i c e  
g roup ,  excep t  t h a t  th e  s u b je c t  re pea ted  w i t h  the  
e x p e r im e n te r  the  same p rocedure  t h r e e  t im e s .
R e s u l ts
Tab le  2 d e s c r ib e s  the  means and s ta n d a rd  d e v i a t i o n s  o f  
a b s o lu te  e r r o r  ( i n  cm) f o r  one, two,  and th re e  r e p e t i t i o n s  
o f  p r a c t i c e .
I n s e r t  Tab le  2 about  here
The independen t  v a r i a b l e s  o f  b e g in n in g  p o i n t  ( s i d e s )  
and gender were no t  s i g n i f i c a n t  (g_>.05) when they  were 
i n c lu d e d  i n  the  a n a l y s i s ,  t h u s ,  were n o t  in c lu d e d  as f a c t o r s  
i n  the  des ign  and a n a ly s e s .  The F_ max t e s t  f o r  d i f f e r e n t  
v a r ia n c e s  among the  t h re e  age groups was no t  s i g n i f i c a n t  
max (9 ,  9) = 1 .6 5 ,  (g_>.05)„ The d e s ign  f o r  the  second 
e x pe r im e n t  was 3 Age X 3 P r a c t i c e  C o n d i t io n s  f a c t o r i a l  ANOVA 
w i t h  a b s o lu te  e r r o r  (AE) as the  dependent v a r i a b l e .  In  
a d d i t i o n ,  a repea ted  measures ANOVA was used to  a na lyze  the  
da ta  f o r  remembering s e r i a l  o rd e r  o f  p o s i t i o n s .  The Age x 
P r a c t i c e  ANOVA i n d i c a t e d  d i f f e r e n c e s  f o r  the  main e f f e c t s .  
There was a s i g n i f i c a n t  e f f e c t  f o r  age F (2 ,  81) = 36 .42 ,  
g_<.01. The p o s t -h o c  a n a l y s i s  u s in g  the  Student-Newman-Keuls  
t e s t  i n d i c a t e d  t h a t  the  a d u l t s  (M = 1 1 5 .0 ,  SD = 9 4 .3 )  were 
s i g n i f i c a n t l y  more a c c u ra te  than  th e  1 1 - y e a r - o ld s  (M =
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188.5 ,  SD = 1 4 7 .1 ) ,  and the  1 1 -y e a r -o ld s  were s i g n i f i c a n t l y  
more accu ra te  than the  7 - y e a r - o l d s  (M = 257 .4 ,  SD = 1 4 3 .7 ) .
There was a lso  a s i g n i f i c a n t  d i f f e r e n c e  f o r  p r a c t i c e  
e f f e c t s  F_(2, 81 )= 42 .4 ,  g_<.01. The p o s t -ho c  a n a ly s i s  us ing  
the  Student-Newman-Keuls t e s t  i n d i c a t e d  the  th re e  p r a c t i c e s  
group (M = 109 .3 ,  SD = 103.9)  was s i g n i f i c a n t l y  more 
a ccu ra te  than the  two p r a c t i c e s  group (M = 188.5 ,  SD = 
1 3 3 .2 ) ,  and the two p r a c t i c e s  group was more accu ra te  than 
the one p r a c t i c e  group (M = 263 .0 ,  SD, = 1 4 4 .7 ) .  The 
i n t e r a c t i o n  (age x p r a c t i c e )  was not  s i g n i f i c a n t ,  g_>.05.
In  the repeated  measures ANOVA, a s i g n i f i c a n t  e f f e c t  
f o r  p o s i t i o n  was found ,  F^(3, 343) = 21 .36 ,  p / . O l .  The 
fo l lo w u p  a n a ly s i s  us in g  the Student-Newman-Keuls t e s t  
i n d i c a te d  a s i g n i f i c a n t  d i f f e r e n c e  between the  f i r s t  
p o s i t i o n  (Mi = 115 .3 ,  SD = 9 9 .8 )  and the  o th e r  th re e  
p o s i t i o n s  (Nk? = 207 .4 ,  SD = 128.6 ;  M3  = 220 .8 ,  SD = 161.9 ;  
and M4  = 204 .3 ,  SD = 1 4 7 .2 ) .  There were no s i g n i f i c a n t  
d i f f e r e n c e s  among the  l a s t  th re e  p o s i t i o n s ,  and th e re  was no 
s i g n i f i c a n t  age by p o s i t i o n  i n t e r a c t i o n .
A l though lo o k in g  a t  the  s e r i a l  p o s i t i o n  curves was 
not  a major purpose o f  t h i s  re se a rch ,  F ig u res  3 and 4 
p o r t r a y  a p o t e n t i a l l y  i n t e r e s t i n g  f i n d i n g .
I n s e r t  F ig u re s  3 and 4 about here
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The s e r i a l  p o s i t i o n  r e c a l l  as shown i n  F ig u re  3 
d e s c r ib e s  the  g e n e ra l  t r e n d  f o r  the  t h r e e  age g roups .  Even 
though the  i n t e r a c t i o n  was n o t  s i g n i f i c a n t ,  F ig u re  4 shows 
t h a t  f o r  age 7, one p r a c t i c e  t r i a l  produced l i n e a r  
r e c a l l ,  b u t  t h r e e  p r a c t i c e  t r i a l s  produced a t y p i c a l  
i n v e r t e d  U c u rv e .  For age 11, two p r a c t i c e  t r i a l s  produced 
the  i n v e r t e d  U t r e n d  i n  r e c a l l .  For a d u l t s ,  an i n v e r t e d  U 
curve  appeared o n ly  when one p r a c t i c e  t r i a l  was g iv e n .
D is c u s s io n
The r e s u l t s  o f  the  p re s e n t  s tu dy  i n d i c a t e d  t h a t  
p r a c t i c e  as w e l l  as deve lo p m e n ta l  f a c t o r s  a f f e c t e d  accuracy  
o f  r e c a l l  l o c a t i o n  i n f o r m a t i o n .  R e c a l l  pe r fo rm ance  improved 
w i t h  in c re a s e d  age, and f o r  the  t h re e  age groups per fo rmance 
improved w i t h  i n c r e a s i n g  numbers o f  p r a c t i c e  t r i a l s .  These 
r e s u l t s  c o n t r a d i c t  Hasher and Zacks '  (1979) p r e d i c t i o n  about 
the  a u t o m a t i c i t y  o f  remembering l o c a t i o n  i n f o r m a t i o n .
With  p r a c t i c e ,  the  e n v i ronm en t  became f a m i l i a r  and i t  
seems l i k e l y  t h a t  p la c e s  are  e a s i l y  re c og n ize d  and the 
e x e c u t io n  o f  a movement p la n  i s  per fo rmed w i t h  l i t t l e  
awareness. B u t ,  i n  th e  e a r l i e r  s tages  o f  a c q u i s i t i o n ,  
keep ing  t r a c k  o f  o n e 's  l o c a t i o n ,  a n t i c i p a t i n g  where one i s  
h ea d ing ,  and t r y i n g  to  r e s to r e  o n e 's  o r i e n t a t i o n  are l i k e l y  
t o  dominate  ( G a r l i n g ,  Book & L in d b e rg ,  1984) .  A c re d o lo ,  
P i c k ,  and Olsen (1975) demonstra ted  t h a t  as the  f a m i l i a r i t y
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w i th  the  env i ronment in c re a s e s ,  accuracy o f  r e c a l l  
i n c r e a s e s .
Older  c h i l d r e n  and a d u l t s  had i n c r e a s i n g l y  accu ra te  
r e c a l l  o f  s p a t i a l  l o c a t i o n .  The s e r i a l  p o s i t i o n  comparison 
o f  the  age groups i n  the  th re e  p r a c t i c e  c o n d i t i o n s  (F ig u re  
3) showed t h a t ,  f i r s t ,  the  7 - y e a r - o l d s  were more a ccu ra te  in  
the f i r s t  p o s i t i o n  than the 1 1 - y e a r - o ld s  in  the second, 
t h i r d  and f o u r t h  p o s i t i o n s .  Second, the  1 1 -y e a r -o ld s  were 
more acc u ra te  i n  the  f i r s t  p o s i t i o n  than the  a d u l t s  in  the 
second, t h i r d  and f o u r t h  p o s i t i o n s .  These f i n d i n g s  
c o n t r a d i c t  Hagen and S tanov ich  (1977) who found la c k  o f  
pr imacy e f f e c t  i n  young c h i l d r e n  on c o g n i t i v e  ta s k s .
F ig u re  4 shows f i r s t ,  t h a t  the  7 -y e a r  o ld s  w i t h  th re e  
p r a c t i c e s  were more accu ra te  than the  1 1 - y e a r - o ld s  w i th  one 
p r a c t i c e .  Second, the  1 1 -y e a r -o ld s  w i th  th re e  p r a c t i c e s  
were more a ccu ra te  than the a d u l t s  w i t h  one p r a c t i c e .  
F i n a l l y ,  the  i n v e r t e d  U appeared in  the  7 - y e a r - o ld s  w i th  two 
and th re e  p r a c t i c e s ,  and i n  the  1 1 - y e a r  o ld s  and the a d u l t s  
w i t h  one and two p r a c t i c e s .  In  the  1 1 -y e a r -o ld s  and the 
a d u l t s ,  the s e r i a l  p o s i t i o n  r e c a l l  l e v e le d  o f f  w i th  th re e  
p r a c t i c e s .  These comparisons i l l u s t r a t e  the  deve lopmenta l  
r e c a l l  o f  s e r i a l  p o s i t i o n .
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General D iscu ss io n
C o g n i t i v e  p ro c e s s in g  o f  e n v i ro n m e n ta l  i n f o r m a t io n  i s  
p a r t  o f  everyday human b e h a v io r .  I n d i v i d u a l s  tend to  assume 
t h a t  a c q u i r i n g  i n f o r m a t i o n  about the  env ironm ent  i s  no t  
d i f f i c u l t  because o f  the  ease w i th  which people n a v ig a te  in  
t h e i r  s u r ro u n d in g s .  Whi le  i n d i v i d u a l s  are ab le  to  r e c a l l  
a c c u r a te l y  the s p a t i a l  l a y o u t  o f  t h e i r  e nv i ronm en t ,  th e re  
may a ls o  be an upper l i m i t  as to  how much i n f o r m a t i o n  they 
manage to  re p re s e n t .
Th is  s tudy  addressed the deve lopmenta l  issu e  o f  
encoding l o c a t i o n  i n f o r m a t i o n  and the  issue  o f  a u t o m a t i c i t y  
r a is e d  by Hasher and Zacks (1979) conce rn ing  the p roce ss in g  
o f  l o c a t i o n  i n f o r m a t i o n .  I t  i s  no t  a s im p le  m a t te r  to  
p ro v id e  sup po r t  f o r  the  n o t io n  o f  a u t o m a t i c i t y .  Hasher and 
Zacks (1979) p o s i t  t h a t  l o c a t i o n  i n f o r m a t i o n  i s  
a u t o m a t i c a l l y  encoded i n  memory. T h e i r  th e o ry  p r e d i c t s  th a t  
accuracy o f  r e c a l l  l o c a t i o n  i n f o r m a t i o n  w i l l  no t  in c re ase  
w i th  age, w i l l  no t  be d i f f e r e n t  under i n t e n t i o n a l  and 
i n c i d e n t a l  c o n d i t i o n ,  and p r a c t i c e  w i l l  no t  have an a f f e c t  
on accuracy o f  r e c a l l  l o c a t i o n  i n f o r m a t i o n .  The r e s u l t s  o f  
the  p rese n t  two expe r im en ts  do not  su p p o r t  Hasher and Zacks' 
p r e d i c t i o n  about the  development o f  p roc e ss in g  l o c a t i o n  
i n f o r m a t i o n .  In  bo th  e xpe r im en ts ,  the  accuracy  o f  r e c a l l  
l o c a t i o n  i n f o r m a t io n  in c rease d  w i t h  age. A d u l t s  were more 
a ccu ra te  than 1 1 - y e a r  o ld s ,  and 1 1 - y e a r  o ld s  were more 
a ccu ra te  than 7 -ye a r  o ld s .  There were a lso  d i f f e r e n t
responses due to  d i f f e r e n t  type  o f  i n s t r u c t i o n s .
I n s t r u c t i o n s  to  r e c a l l  p o s i t i o n s  and e x e rc is e s  ( IT P - ITE  
group) helped s u b je c t s  remember l o c a t i o n s  more a c c u r a te l y  
than i n s t r u c t i o n  to  remember the e x e rc is e s  a lone ( ICP-ITE 
g ro u p ) .  These two groups were more a ccu ra te  than the group 
who were not g iven  any i n f o r m a t i o n  about l a t e r  r e c a l l  
( IC P - IC E ) .  The ICP-ITE c o n d i t i o n  was no t  d i f f e r e n t  from the 
ICP-ICE c o n d i t i o n  i n  terms o f  i n s t r u c t i o n  to  r e c a l l  the 
l o c a t i o n s .  T h e re fo re ,  i t  can be expected t h a t  these two 
groups w i l l  no t  be d i f f e r e n t  in  accuracy  o f  r e c a l l .
However, the ICP-ITE group r e c a l l e d  l o c a t i o n s  more 
a c c u r a te l y  than the ICP-ICE group.  The e x e rc is e s  were 
p rob ab ly  used as cues to  remember the  l o c a t i o n s .  The 
ICP-ITE group may have a s s o c ia te d  the  e x e rc is e s  w i t h  the 
l o c a t i o n s  o f  encoding which inc reased  the  accuracy o f  
r e c a l l .  Th is  comparison may i n f e r  t h a t  l o c a t i o n  i n f o r m a t i o n  
was a u t o m a t i c a l l y  encoded to  some e x t e n t .
The comparison r e s u l t s  o f  the  th re e  age groups 
i n d i c a t e d  t h a t  the  accuracy  o f  r e c a l l  in c reased  w i t h  age. 
Bu t ,  the  comparison o f  the  age groups across  c o n d i t i o n s  
re vea led  i n t e r e s t i n g  r e s u l t s  (see Table  1 ) .  In  some cases 
the  younger s u b je c ts  ou tpe r fo rm ed  the  o ld e r  s u b je c t s .  For 
example, the 7 -yea r  o ld s  i n  the ITP-ITE  c o n d i t i o n  were more 
accu ra te  than the  11 -yea r  o ld s  in  the  ICP-ICE c o n d i t i o n .
The r e s u l t s  o f  the  second exper im en t  i n d i c a t e d  t h a t  the 
th re e  p r a c t i c e  t r i a l  group was more a ccu ra te  than the  two
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p r a c t i c e  t r i a l  group, and the  two p r a c t i c e  t r i a l  group was 
more accu ra te  than the  one p r a c t i c e  t r i a l  g roup.  The 
comparison o f  r e s u l t s  o f  the th re e  age groups i n d i c a t e d  t h a t  
the accuracy o f  r e c a l l  in c reased  w i th  age. Bu t ,  comparison 
o f  the  age groups across  p r a c t i c e  i n d i c a t e d  t h a t  the 7 -yea r  
o lds  w i th  th re e  p r a c t i c e s  perfo rmed as a c c u r a t e l y  as the  
a d u l t s  w i t h  one p r a c t i c e .  Th is  demonstra tes  t h a t  some 
f u n c t i o n a l  processes to ok  p lace  which l i k e l y  in c re ase d  the 
s u b je c t s '  knowledge base (French ,  1985).  Th is  enabled the 
7 -ye a r  o lds  to  pe r fo rm  as w e l l  as the a d u l t s .
Another i n t e r e s t i n g  comparison demonstra tes  t h a t  a d u l t s  
w i th  th re e  p r a c t i c e s  under the  ICP-ICE c o n d i t i o n s  (see 
Table  2) performed more a c c u r a t e l y  than  the  ITP-ITE 
c o n d i t i o n  w i th  one p r a c t i c e  (see Table 1 ) .  The f a c t  t h a t  
the  i n c i d e n t a l  memory groups pe r fo rm  as w e l l  as i n t e n t i o n a l  
memory groups under d i f f e r e n t  p r a c t i c e  c o n d i t i o n s  su pp o r ts  
the idea  t h a t  l o c a t i o n  i n f o r m a t i o n  may a u t o m a t i c a l l y  be 
encoded to  some e x t e n t .
Logan (1985) r e p o r te d  t h a t  on ly  s p e c i f i c  p r o p e r t i e s  o f  
performance are a u t o m a t i c a l l y  encoded in  memory, and, 
t h e r e f o r e ,  i t  shou ld  no t  be im p l ie d  t h a t  any s k i l l  i s  
a b s o lu t e l y  a u to m a t ic .  L i c h t y  (1984) added t h a t  i t  i s  
d i f f i c u l t  to  d e f i n e ,  se p a ra te ,  and assess those p r o p e r t i e s  
which re p re s e n t  s to ra ge  and r e t r i e v a l  f a c t o r s .  Moreover,  
th e re  i s  some e a r l i e r  ev idence in  sup p o r t  o f  the  
a u t o m a t i c i t y  h y p o th e s is  r e g a rd in g  l o c a t i o n  i n f o r m a t i o n
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(M a nd le r ,  S e e g m i l l e r  , & Day, 1977; von W r ig h t ,  Gebhard, & 
K a r t t u n e n ,  1975) ;  b u t ,  A c re d o lo ,  P ic k  and Olsen (1 9 7 5 ) ,  as 
w e l l  as Herman, K o ld e r  and Shaw (1982) do no t  ag ree .  The 
l a t t e r  group o f  re s e a rc h e rs  sugges ts  t h a t  e f f o r t  o f  the  
c e n t r a l  p ro c e s s in g  system i s  r e q u i r e d  to  r e c a l l  l o c a t i o n  
i n f o r m a t i o n .
S tu d ie s  r e g a r d in g  p ro c e s s in g  o f  l o c a t i o n  i n f o r m a t i o n  
have been conducted on s m a l l - s c a l e  (M a n d le r ,  S e e g m i l l e r ,  & 
Day, 1977),  and on l a r g e - s c a l e  e n v i ron m e n ts  ( A c r e d o lo ,  P i c k ,  
& O lsen ,  1975) .  The p r e s e n t  e x p e r im e n t  examined the  
l o c a t i o n  p ro c e s s in g  i s s u e  i n  a l a r g e - s c a l e  e n v i ro n m e n t .  The 
s i z e  o f  the  l a y o u t  chosen was t o  p r o v id e  s i m i l a r i t y  t o  t r u e  
game s i t u a t i o n s  such as those  found in  f i e l d  hockey, 
v o l l e y b a l l ,  and b a s k e t b a l l .
In  l a r g e - s c a l e  e n v i ro n m e n ts ,  e x p l o r a t i o n  i s  c o n s t r a in e d  
by th e  speed o f  p h y s i c a l  movement, so repe a te d  s e a rc h in g  and 
scann ing  take  c o n s id e r a b le  e f f o r t ,  e s p e c ia l y  by younger 
s u b je c t s .  A ls o ,  the  more e le v a te d  p o s tu re  o f  a d u l t s  may 
enab le  them to  o b ta in  a more i n t e g r a t e d  v iew o f  the  p h y s i c a l  
e n v i ro n m e n t .  The l a y o u t  t h a t  was p res e n te d  t o  the  s u b je c t s  
seemed to  be encoded as an i n t e g r a t i o n  o f  se p a ra te  
components ove r  t im e ,  r a t h e r  than  be ing  p e rc e iv e d  as one 
u n i t  observed from j u s t  one vantage p o i n t .  The a d u l t s  
seemed t o  a t te n d  t o  th e  l a y o u t  as a who le ,  which p ro b a b ly  
a l lo w e d  them t o  i n t e g r a t e  s p a t i a l  i n f o r m a t i o n  more 
e f f e c t i v e l y  ( S ie g e l  & W h i te ,  1975).
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There are many f a c t o r s  which a f f e c t  memory, and t h e re  
i s  no s i n g l e  way in  which i n d i v i d u a l s  r e c a l l  l o c a t i o n  
i n f o r m a t i o n .  Young s u b je c t s ,  f o r  example, used a s im p le  
s t r a t e g y  o f  e g o c e n t r i c  l o c a l i z a t i o n  ( P ia g e t  & I n h e ld e r ,  
1956) .  F u r t h e r ,  th e y  p o in te d  to  the  t a r g e t  l o c a t i o n s  
a p p r o p r ia t e  f o r  t h e i r  p r e s e n t  l o c a t i o n ,  r a t h e r  than  f o r  an 
imag ined v ie w in g  p o s i t i o n .  The o ld e r  s u b je c t s  and the  
a d u l t s  a p p l i e d  t r a n s f o r m a t i o n a l  r u l e s  to  the  s p a t i a l  
r e l a t i o n s  i n  the  l a y o u t  s i m i l a r  t o  what was r e p o r t e d  by 
P ia g e t  and I n h e ld e r  (1 9 5 6 ) .  They were more a c c u ra te  i n  
t h e i r  judgment when th e y  viewed the  l a y o u t  from d i f f e r e n t  
p o s i t i o n s .
The r e v e r s i b i l i t y  concept  ( P ia g e t  & I n h e ld e r ,  1956) 
r e g a r d in g  p ro c e s s in g  l o c a t i o n  i n f o r m a t i o n  a ls o  was su p po r ted  
i n  the  p re s e n t  e x p e r im e n t .  Most s u b je c t s  r e c a l l e d  the  
l o c a t i o n s  i n  the  o rd e r  the y  were p re s e n te d .  T h e i r  r e c a l l  
was based more on the  knowledge o f  how th e y  moved from one 
p la ce  to  a n o th e r ,  and le s s  on the  r e l a t i o n  among l o c a t i o n s .  
The a d u l t s ,  i n  the  i n t e n t i o n a l  c o n d i t i o n s ,  s p e c i f i e d  they  
had to  e v a lu a te  the  r e l a t i o n s  among the  l o c a t i o n s  and to  
p i c t u r e  the  l a y o u t  f rom th e  p la ce  where they  s tood  d u r in g  
each t r i a l  o f  the  t a s k .  In  r e c a l l ,  s u b je c t s  found i t  was 
d i f f i c u l t  t o  p o i n t  t o  the  c o r r e c t  l o c a t i o n s  w h i le  s ta n d in g  
i n  the  o p p o s i te  d i r e c t i o n  from th e  s t a r t i n g  p o i n t .  However, 
when they  s tood  a t  the  s t a r t i n g  p o i n t  t h i s  t a s k  was much 
e a s ie r  f o r  them. Th is  dem ons t ra tes  t h a t  knowledge o f  r o u te s
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was f r e q u e n t l y  n o t  r e v e r s i b l e  e s p e c i a l l y  w i t h  young 
s u b je c t s .  I r r e v e r s i b i l i t y  o f  the  ro u te s  r e f l e c t s  p r o p e r t i e s  
o f  the  way humans access and s t o r e  l o c a t i o n  i n f o r m a t i o n .
The l o c a t i o n s  are  no t  s to r e d  i n  random o r g a n i z a t i o n ,  b u t  i n  
a d e f i n i t e  o rd e r  o f  l o c a t i o n s ,  p a th ,  d i r e c t i o n ,  and 
r e l a t i o n s  among l o c a t i o n s .  The r o u te  i s  rev iewed  m e n ta l l y  
f rom b e g in n in g  to  end. I t  i s  a ls o  a s y m m e t r ic a l ,  because the  
s to re d  l i n k s  s u p p o r t  r e t r i e v a l  f rom b e g in n in g  t o  end, bu t  
n o t  from th e  end to  the  b e g in n in g .  T h is  phenomena, 
dem onstra ted  to  a g r e a t e r  e x te n t  w i t h  c h i l d r e n ,  was r e p o r t e d  
i n  the  p a s t  by P ia g e t  and I n h e ld e r  (1 9 5 6 ) .
The use o f  s t r a t e g i e s ,  which was r e p o r te d  i n  th e  f i r s t  
e x p e r im e n t ,  in c re a s e d  w i t h  age. O lde r  s u b je c t s  and a d u l t s  
used r e h e a r s a l ,  and used the  r e l e v a n t  p a r t  o f  a t a s k ,  as 
w e l l  as e n v i ro n m e n ta l  cues e f f e c t i v e l y .  For example, the  
young s u b je c t s  a p p l i e d  a t o p o l o g i c a l  c o n ce p t .  They p o in te d  
to  the  l o c a t i o n  w i t h  r e l a t i o n  to  the  l i n e s  whether  i t  was 
c lo s e  o r  f a r ,  bu t  co u ld  not  use E u c l id e a n  concep ts  as the  
a d u l t s  d id  i n  d e te rm in in g  the  a c c u ra te  l o c a t i o n  i n  te rms o f  
d i s ta n c e  from the  t a r g e t .  Most o f  the  s u b je c t s ,  i n c l u d i n g  
the  young age group r e l a t e d  the  l o c a t i o n s  t o  th e  e x e rc i s e s  
which were per fo rmed a t  those  p o s i t i o n .  Movement and 
a c t i v i t i e s  were encoded s im u l t a n e o u s ly  by the  s u b je c t s ,  and 
served  as cues f o r  r e t r i e v a l  o f  s p a t i a l  r e p r e s e n t a t i o n s .
The t e s t i n g  p rocedu res  i n  Exper im en t  1 o f  the  
i n c i d e n t a l  c o n d i t i o n  w i t h  l i n e s  were the  same as in
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Exper iment  2 f o r  the groups w i t h  one p r a c t i c e  t r i a l .  Th is  
f i n d i n g  su p po r ts  the c o n s is te n c y  o f  the  p rocedures  across 
the  two expe r im e n ts .  The r e s u l t s  appear ing  i n  Tables 1 and 
2  i n d i c a t e d  t h a t  bo th  o f  these groups per formed in  a s i m i l a r  
way. The r e s u l t s  o f  the  two expe r im en ts  a lso  i n d i c a t e d  two 
o th e r  im p o r ta n t  f i n d i n g s .  F i r s t ,  when i n s t r u c t i o n s  were 
g iven  to  remember, the  younger s u b je c ts  improved t h e i r  
performance to  the  l e v e l  o f  the o ld e r  s u b je c t s  who d id  not 
r e c e iv e  i n s t r u c t i o n s  to  remember. Second, the  younger 
s u b je c ts  w i t h  more p r a c t i c e  improved to  the l e v e l  o f  the 
o ld e r  s u b je c t s  and the  a d u l t s  w i th  le s s  p r a c t i c e .
In  summary, the performance in  f r e e  r e c a l l  o f  l o c a t i o n  
i n f o r m a t i o n  was more a ccu ra te  in  a l l  o f  the  t re a tm e n t  
c o n d i t i o n s .  In  the  f i r s t  e xp e r im e n t ,  accuracy  in c reased  
w i t h  in c r e a s in g  age. I n t e n t i o n  to  remember improved 
performance in  comparison to  the c o n t r o l  c o n d i t i o n ,  and was 
b e t t e r  when s u b je c ts  were in fo rm ed  to  remember the  p o s i t i o n  
o f  the  e x e rc is e  than when in fo rm ed  to  remember the 
e x e r c i s e s .  Th is  comparisons p ro v id e d  a l i n e a r  accuracy  in  
r e c a l l  which may a m p l i f y  d i f f e r e n t  l e v e l s  o f  a u t o m a t i c i t y  as 
f u n c t i o n  o f  ta sk  demand. T h e r fo re ,  a u tm a t ic y  o f  p roce ss in g  
l o c a t i o n  i n f o r m a t i o n  may be viewed as be ing on a cont inuum 
as was d e s c r ibe d  e a r l i e r .
A ls o ,  the  la y o u t  o f  the  s e t t i n g  a f f e c t e d  r e c a l l .  The 
la y o u t  w i t h  l i n e s  r e s u l t e d  i n  the s u b je c ts  be ing  more 
a c cu ra te  in  r e c a l l  o f  the l o c a t i o n s .  Exper iment 2
demonstra ted t h a t  the  a b i l i t y  t o  r e c a l l  l o c a t i o n  i n f o r m a t io n  
in c re ase d  w i t h  age. R e c a l l  accuracy  a lso  in c re ase d  as a 
f u n c t i o n  o f  i n c r e a s in g  number o f  p r a c t i c e s .  Thus, the  
r e s u l t s  o f  t h i s  re sea rch  do not  suppo r t  the  p r e d i c t i o n s  
re p o r te d  by Hasher and Zacks (1979 ) .
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F o o tn o te s
A b so lu te  e r r o r  (AE) i s  th e  d i s t a n c e  o f  the  s u b j e c t ' s  
l o c a t i o n  from th e  t a r g e t  ( i n  cm) r e g a r d le s s  o f  
p o s i t i o n i n g  accu racy  i n  most s p o r t  s k i l l s .  There are  
o th e r  c h o ic e s  o f  e r r o r  measurement used i n  p o s i t i o n i n g  
ta s k s  — c o n s ta n t  e r r o r ,  a b s o lu te  c o n s ta n t  e r r o r ,  
v a r i a b l e  e r r o r ,  and t o t a l  e r r o r .  However, i n  r e a l  
w o r ld  games such as v o l l e y b a l l  and b a s k e t b a l l ,  what 
m a t te r s  i s  the  a b s o lu te  d i f f e r e n c e  the  p la y e r  i s  from 
where he /she  wants to  be. Thus, AE was s e le c te d  as the  
s i n g l e  dependent measure to  r e f l e c t  t h i s  c o n s i d e r a t i o n .
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Table  1
Means and s tanda rd  d e v ia t i o n s  o f  a b s o lu te  e r r o r  ( i n  cm) f o r  
i n t e n t i o n a l - p o s i t i o n  ( IT P ) ,  i n t e n t i o n a l - e x e r c i s e  ( IT E ) ,  and 
i n c i d e n t a l  ( IC )  c o n d i t i o n s  w i t h  l i n e s  (WL) and w i t h o u t  l i n e s  
(WOL) f o r  ages 7, 11, and 20 year
CONDITIONS ITP- ITE ICP- ITE ICP- ICE
AGE N MEAN SD MEAN SD MEAN SD
7 WL 30* 229.7 139.2 272.4 138.7 320.4 149.3
WOL 30 282.5 134.1 315.8 142.8 362.5 135.1
11 WL 30 136.9 125.4 192.5 112.6 258.6 135.2
WOL 30 171.4 126.8 249.1 143.5 289.5 154.2
20 WL 30 77.6 79.4 91.1 76.9 159.3 97.4
WOL 30 CD -t- 0\ 70.7 146.1 91.7 187.9 138.4
* There are 10 s u b je c ts  i n  each WL X c o n d i t i o n  group f o r  a 
t o t a l  o f  30. Th is  i s  the same f o r  each row in  t h i s  t a b l e .
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Tab le  2
Means and s ta n d a rd  d e v i a t i o n s  o f  a b s o lu te  e r r o r  ( i n  cm) f o r  
one, two,  and t h re e  r e p e t i t i o n s  o f  p r a c t i c e
REPETITIONS ONE TWO THREE
AGE N MEAN SD MEAN SD MEAN SD
7 30* 331.6 121.0 264.6 138.3 176.0 129.5
11 30 280.5 158.3 196.4 126.4 88.5 77 .3
20 30 176.9 107.1 104.6 76.6 63.4 54.9
*  There are 10 s u b je c t s  in each age X p r a c t i c e group f o r  a
t o t a l  o f  30 s u b je c t s  i n  each row o f  t h i s  t a b l e .
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F ig u r e  C ap t ions
F ig u re  1. Diagram o f  th e  jo g g in g  ta s k  w i t h o u t  l i n e s  (a )  and 
w i t h  l i n e s  ( b ) .
F ig u re  2.  A b so lu te  e r r o r  o f  r e c a l l  as f u n c t i o n  o f  s e r i a l
p o s i t i o n  f o r  t h re e  age groups (E xpe r im e n t  1 ) .
F ig u re  3. A b s o lu te  e r r o r  o f  r e c a l l  as f u n c t i o n  o f  s e r i a l
p o s i t i o n  f o r  t h re e  age groups (E xpe r im e n t  2 ) .
F ig u re  4. A b so lu te  e r r o r  o f  r e c a l l  as f u n c t i o n  o f  s e r i a l
p o s i t i o n  i n  th re e  p r a c t i c e  c o n d i t i o n s  f o r  the
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I n v e s t i g a t i o n  o f  th e  development o f  c o n g i t i o n  r e g a r d in g  
l a r g e - s c a l e  s p a t i a l  e n v i ro n m e n ts  i s  r e l a t e d  to  what typ e  o f  
p rocesses  are  t a k i n g  p la c e  i n  c h i l d r e n  and a d u l t s  t o  produce 
t h e i r  b e h a v io r ,  as w e l l  as what type  o f  v a r i a b l e s  enhance an 
i n d i v i d u a l ' s  a b i l i t y  t o  p e r fo rm  b e t t e r  i n  t h e i r  
e n v i ro n m e n t ,  The f i r s t  p a r t  o f  t h i s  re v ie w  w i l l  e x p la i n  how 
i n f o r m a t i o n  about the  e n v i ro n m e n t  i s  t ra n s fo rm e d  i n  memory 
as i n t e r n a l  r e p r e s e n t a t i o n s  to  h e lp  the  i n d i v i d u a l  t o  
unde rs tand  th e  e n v i ro n m e n t ,  and how t h i s  s k i l l  d e v e lo p s .
The second p a r t  w i l l  p r e s e n t  a debate which len ds  s u p p o r t  t o  
the  n o t i o n  t h a t  l o c a t i o n  i n f o r m a t i o n  i s  a u t o m a t i c a l l y  
encoded i n  memory a lo n g  w i t h  c r i t i c i s m  o f  t h i s  p o s i t i o n .  In  
a d d i t i o n ,  the  second s e c t i o n  w i l l  o f f e r  i n f o r m a t i o n  
r e g a r d in g  th e  remembering o f  l o c a t i o n  i n f o r m a t i o n .  The l a s t  
p a r t  w i l l  p re s e n t  c o n c lu s io n s  and s u g g e s t io n s  f o r  f u t u r e  
r e s e a r c h .
I n t e r n a l  R e p r e s e n ta t io n  o f  L o c a t io n  I n f o r m a t i o n
P e rc e p tu a l  i n f o r m a t i o n  from the  e n v i ro n m e n t ,  a c c o rd in g  
to  A l l e n ,  S i e g e l ,  and f t o s i n s k i  (1 9 7 8 ) ,  i s  o rg a n iz e d  in  
memory as i n t e r n a l  r e p r e s e n t a t i o n s  which are  c a l l e d  
c o g n i t i v e  maps. G a r l i n g ,  Book, and L in d b e rg  (1984) r e p o r te d  
t h a t  c o g n i t i v e  mapping i s  keyed to  th e  env i ron m e n t  and he lps  
the  t r a v e l e r  t o  p la n  movement. They sugges t  the  
i n t e r r e l a t e d  e lements  t h a t  are  r e p re s e n te d  i n  c o g n i t i v e  maps
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are p la c e s ,  the  s p a t i a l  r e l a t i o n s  between p la c e s ,  and t r a v e l  
p la n s .
P lace i s  the  b a s ic  u n i t  o f  the  c o g n i t i v e  map 
c o r re s p o n d in g  to  s e v e ra l  d i f f e r e n t  components i n  the  
e n v i ro n m e n t .  For example,  the  l o c a t i o n  where an even t  take s  
p la c e  o r  i n t e r s e c t i o n  o f  l i n e s  on a f i e l d .  In  the  c o g n i t i v e  
map, p la ce  u n i t s  are  assumed to  be re p re s e n te d  as 
i n f o r m a t i o n  about  a s e t  o f  p r o p e r t i e s  t h a t  i n c l u d e :  name, 
p e r c e p tu a l  c h a r a c t e r i s t i c s ,  f u n c t i o n ,  and s p a t i a l  s c a le .  
S econd ly ,  a c c o rd in g  t o  G a r l i n g  e t  a l .  (1 9 8 4 ) ,  t h e r e  are 
t h re e  typ e s  o f  s p a t i a l  r e l a t i o n s  between p la c e s  re p re s e n te d  
i n  c o g n i t i v e  maps: s p a t i a l  i n c l u s i o n  r e l a t i o n s ,  m e t r i c  
s p a t i a l  r e l a t i o n s ,  and p r o x i m i t y  r e l a t i o n s .
The t h i r d  e lement t h a t  i s  re p re s e n te d  i n  c o g n i t i v e  
mapping, a c c o rd in g  t o  G a r l i n g  e t  a l .  (1 9 8 4 ) ,  i s  t r a v e l  
p la n s .  T r a v e l  p la n s  are  used t o  l i n k  i n t e r n a l  i n f o r m a t i o n  
p ro c e s s in g  o p e r a t i o n s  t o  a c t i o n s  and a c t u a l  b e h a v io r .
A c t io n  p la n s ,  i n f o r m a t i o n ,  and e x e c u t io n  are im p o r ta n t  
c o n t r o l l i n g  f a c t o r s  f o r  th e  a c q u i s i t i o n  o f  c o g n i t i v e  maps. 
P la n n in g  i s  th e  d e t e r m in a t i o n  o f  a course  o f  t r a v e l  and i f  
used e f f e c t i v e l y ,  i t  may reduce p ro c e s s in g  demands. To 
a t t a i n  the  s p e c i f i c  g o a l  o f  t r a v e l i n g ,  i n f o r m a t i o n  about  
im p o r ta n t  p r o p e r t i e s  which i n c lu d e s  th e  f u n c t i o n s  o f  p la c e s ,  
a t t r a c t i v e n e s s  o f  p la c e s ,  and the  i d e n t i t y  o f  th e  p la ce s  
must be ga ined  ( G a r l i n g  e t  a l . ,  1984).
52
T r a v e l  p la n s  are  formed i n  a number o f  h i e r a r c h i c a l l y  
o rg a n iz e d  s ta g e s :  the  access o f  the  i n f o r m a t i o n  about  the  
e nv i ronm en t  and the  d e c i s i o n s  about  th e  p la c e s  to  be 
v i s i t e d ,  the  sequence o f  p la c e s  t o  be v i s i t e d ,  and how to  
t r a v e l  t o  the  p la c e s .  The s u b je c t  needs to  r e v i s e  the  
t r a v e l  p la n  because c o n d i t i o n s  may change d u r in g  e x e c u t i o n s ,  
o r  the  t r a v e l e r  may p r e f e r  more c o n v e n ie n t  e x e c u t io n  
( G a r l i n g  e t  a l . ,  1984 ) .  Evans (1980) observed t h a t  the  
s p e c i f i c a t i o n  and r e v i s i o n  c f  t r a v e l  p la n s  d u r i n g  t h e i r  
e x e c u t io n  leads  to  the  a c q u i s i t i o n  o f  new i n f o r m a t i o n  about 
the  env i ronm en t  by d i r e c t  o b s e r v a t i o n .  He added t h a t  the  
h a b i t s  o f  t r a v e l  le a d  t o  d i f f e r e n c e s  i n  the  a c q u i re d  
c o g n i t i v e  maps.
G a r l i n g ,  Book, and Ergezen (1982) assumed t h a t  a memory 
r e p r e s e n t a t i o n  o f  a l a y o u t  c o n t a in s  h i e r a r c h i c a l l y  o rg a n iz e d  
knowledge o f  landm arks ,  r o u t e s ,  and c o n f i g u r a t i o n s .  In  
a d d i t i o n ,  an a c c u ra te  memory r e p r e s e n t a t i o n  o f  the  
c o n f i g u r a t i o n s  which i s  used f o r  o r i e n t a t i o n  and t r a v e l  may 
reduce memory lo a d .  A p re v io u s  approach to  c o g n i t i v e  maps 
was in t r o d u c e d  by K o s s ly n ,  P i c k ,  and F a r i e l l o  (1 9 7 4 ) ,  who 
s p e c u la te d  t h a t  encod ing  i n f o r m a t i o n  abou t  th e  e nv i ronm en t  
i s  n o t  i n t e g r a t e d  i n t o  a s i n g l e  map, b u t  components o f  
s p a t i a l  knowledge are  encoded w i t h  l i t t l e  o r  no r e l a t i o n  
between th e  components. Hazen, Lockman, and P ic k  (1978) 
conc luded  t h a t  knowledge o f  s p a t i a l  i n f o r m a t i o n  may be
53
r e p re s e n te d  a s y m e t r i c a l l y  so t h a t  r o u te  can be f o l l o w e d  in  
one d i r e c t i o n ,  bu t  no t  i n  the  o t h e r .
A cco rd ing  to  S ie g e l  and White  (1 9 7 5 ) ,  th e  f o r m a t io n  o f  
c o g n i t i v e  maps ( s p a t i a l  r e p r e s e n t a t i o n s )  o f  l a r g e - s c a l e  
env i ron m e n t  i s  a c q u i re d  d e v e lo p m e n t a l l y . The i n i t i a l  s tep  
i n  f o r m a t io n  o f  s p a t i a l  r e p r e s e n t a t i o n s  i s  a c q u i r i n g  the  use 
o f  landmarks i n  the  s p a t i a l  r e p r e s e n t a t i o n .  For example the
3-  and 4 - y e a r - o l d s  i n  the  A c re d o lo ,  P ic k  and Olsen (1975) 
s tu d y ,  were as a c c u ra te  as the  8 -y e a r  o ld s  when landmarks 
were p r e s e n t .
The n e x t  s tep  i s  a c q u i r i n g  r o u te  knowledge.  Routes are 
th e  pa ths  o r  sequences t h a t  connec t  landm arks ,  and these  
become i n t e g r a t e d  t o  form min imaps. T h is  s tage  o f  
a c q u i s i t i o n  i n v o l v e s  r o u te  knowledge which i s  u n c o o rd in a te d  
c l u s t e r s  o f  landm arks .  Cohen and Schupe fe r  (1980) examined 
second g r a d e r s ' ,  s i x t h  g r a d e r s ' ,  and c o l l e g e  s t u d e n t s '  
a b i l i t y  t o  i n t e g r a t e  the  use o f  landmarks i n  r o u te  l e a r n i n g  
and t o  combine e n v i r o n m e n ta l  e x p e r ie n c e s  i n t o  c o n s i s t a n t  
r o u te  and su rvey  maps. The s u b je c t s  le a rn e d  a r o u te  th ro ug h  
a maze o f  h a l l s  p rese n te d  on s l i d e s  w i t h  the  s u b je c t s  
r e q u i r e d  t o  le a r n  a c o r r e c t  t u r n  on each s l i d e .  Cohen and 
Shupe fe r  (1980) found t h a t  by s i x t h  g rade ,  c h i l d r e n  co u ld  
v iew a sequence o f  s l i d e s  t h a t  d e s c r ib e d  a wa lk  th ro u g h  a 
s e t  o f  h a l l s  c o n t a in i n g  landm arks ,  and draw f a i r l y  a c c u ra te  
maps o f  the  p a th .  They co u ld  c o r r e c t l y  o r i e n t  the  s t a r t  and 
f i n i s h  p o in t s  b u t ,  i n c lu d e d  e x t r a  t u r n s  a t  v a r io u s  p o i n t s  i n
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the schemat ic  d iagram. Thus, p o in t s  o f  t h e i r  
r e p r e s e n t a t i o n s  were c o r r e c t ,  bu t  some o f  the  d e t a i l s  
c on n ec t ing  v a r io u s  segments were in a c c u r a t e .  An advanced 
stage in  a c q u i s i t i o n  o f  c o g n i t i v e  maps i s  the fo rm a t io n  o f  a 
w e l l - c o o r d in a t e d  r e p r e s e n ta t i o n  o f  the  e n t i r e  space 
r e s u l t i n g  in  what S ie g e l  and White (1975) have c a l l e d  survey 
maps. P e rce p tu a l  p e rs p e c t i v e s  are pu t  t o g e t h e r ,  and the 
minimaps are i n t e g r a t e d  to  produce an a ccu ra te  and complete 
se t  o f  a g iven  s p a t i a l  env i ronm en t .  Only the  c o l le g e  
s tu d e n ts  i n  the Cohen and Schuepefer (1980) s tudy  drew maps 
o f  the  se t  o f  h a l lw a y .  They d e sc r ib e d  the c o r r e c t  s t a r t - e n d  
o r i e n t a t i o n s  and the exac t  number and sequence o f  t u rn s  
between them.
The Development o f  P rocess ing  L o c a t io n  I n fo r m a i t o n
The idea  t h a t  memory f o r  s p a t i a l  l o c a t i o n  o f  o b je c t s  or 
events  i s  a u to m a t ic a ly  encoded was expressed by Hasher and 
Zacks (1 979 ) .  Support  f o r  t h i s  idea  was genera ted from 
s tu d ie s  which compared the  accuracy o f  remembering s p a t i a l  
l o c a t i o n  o f  o b je c t s  o r  events  whether s u b je c ts  were expected 
to  be t e s te d  or  n o t .
Mand le r ,  S e e g m i l le r ,  and Day (1977) p resen ted  t h e i r  
s u b je c ts  a m a t r i x  o f  36 l o c a t i o n s ,  16 o f  which co n ta ined  
sm a l l  t o y s .  One group was i n s t r u c t e d  to  remember the 
o b je c t s  and t h e i r  l o c a t i o n s  ( i n t e n t i o n a l  c o n d i t i o n ) .  The 
second group was asked to  remember j u s t  the  o b je c t s  
( i n c i d e n t a l  c o n d i t i o n ) .  The t h i r d  group was asked to
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e s t im a te  the  p r i c e  o f  the  i tems ( t r u e  i n c i d e n t a l  
c o n d i t i o n ) .  Because th e re  were no d i f f e r e n c e s  among the 
th re e  c o n d i t i o n s ,  they  concluded t h a t  a c t i v e  p roc e ss in g  i s  
no t  r e q u i r e d  f o r  s p a t i a l  i n f o r m a t io n  to  be encoded in  
memory.
von W r ig h t ,  Gebhard, and K a r t tu n en  (1975) p resen ted  
t h e i r  s u b je c ts  w i th  a s e r ie s  o f  f o u r  p i c t u r e s  and asked them 
to  r e c a l l  the  p i c t u r e s  and t h e i r  l o c a t i o n s  on the  a r ra y s .  
They a ls o  found no d i f f e r e n c e  between s u b je c t s  who were 
i n s t r u c t e d  to  remember the  l o c a t i o n s  and those who were n o t .
C o n t ra ry  to  the  n o t io n  t h a t  l o c a t i o n  i n f o r m a t i o n  i s  
a u t o m a t i c a l l y  encoded, o th e r  re se a rch e rs  suggest d i f f e r e n t  
f a c t o r s  which a f f e c t  remembering l o c a t i o n  i n f o r m a t i o n .
Among these f a c t o r s  are the  c h a r a c t e r i s t i c s  o f  the 
env ironment and i t s  demands on the i n f o r m a t i o n  p roce ss ing  
system, i n d i v i d u a l  d i f f e r e n c e s  such as deve lopmenta l  
f a c t o r s ,  type  o f  i n s t r u c t i o n s  the  s u b je c t  r e c e i v e s ,  and 
f a m i l i a r i t y  w i t h  the  env i ronm en t .
Beck and Wood (1979) as w e l l  as Carr  and S c h is s le r  
(1969) d e sc r ibed  how a d u l t s  use landmarks in  t h e i r  s p a t i a l  
r e p r e s e n t a t i o n s .  A c re do lo ,  P ic k ,  and Olsen (1975) a long 
w i th  S ie g e l  and Schad le r  (1977) d e sc r ib e d  t h i s  a p t i t u d e  in  
c h i l d r e n .  A l l e n ,  K i r a s i c ,  S ie g e l ,  and Herman (1979) 
p resen ted  s l i d e s  o f  an u n f a m i l i a r  ne ighborhood to  second 
grade, f i f t h  grade and c o l le g e  s tu d e n ts .  They found t h a t  
second and f i f t h  g rade rs  s e le c te d  d i f f e r e n t  scenes as
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d e s c r i b i n g  c r i t i c a l  o r i e n t i n g  landmarks from the  c o l le g e  
s tu d e n ts .  There was a g r e a te r  agreement in  s e l e c t i o n  o f  
landmarks w i t h i n  each age group as a f u n c t i o n  o f  in c r e a s in g  
age. The second g rade rs  in  the  A l l e n  e t  a l .  (1979) 
exper im en t  chose u n d i s t i n c t i v e  landmarks such as window 
d i s p la y  i tems t h a t  would he lp  them remember a p i c t o r i a l  walk 
th rough  a commercia l ne ighborhood .  The c h i l d r e n ' s  knowledge 
o f  the  env i ronment was a f f e c t e d  by t h e i r  s e l e c t i o n  o f  
landmarks.  O lder  c h i l d r e n  and a d u l t s  chose more s i g n i f i c a n t  
landmarks,  e s p e c i a l l y  i n t e r s e c t i o n s  where changes in  
d i r e c t i o n  were p o s s ib le .  A lso ,  they were more s k i l l e d  a t  
s e l e c t i n g  landmarks t h a t  convey c r i t i c a l  i n f o r m a t i o n  about 
s p a t i a l  ar rangement,  and they  s e le c te d  e n v i ron m e n ta l  
f e a tu re s  on the  b a s is  o f  t h e i r  p o t e n t i a l  as re fe re n c e  
p o i n t s .
A c red o lo ,  P ick  and Olsen (1975) cons ide red  fo u r  
v a r i a b l e s  a f f e c t i n g  r e c a l l  l o c a t i o n  i n f o r m a t i o n  i n  la rg e  
sca le  spaces. One i s  the  comparison o f  i n t e n t i o n a l  versus 
i n c i d e n t a l  memory method which re v o lv e s  about the  a t t e n t i o n  
demand o f  the  ta s k s .  The second v a r i a b l e  was f a m i l i a r i t y  
which can a f f e c t  the  number and type  o f  pas t  e xpe r iences  the 
i n d i v i d u a l  has had in  the env i ronm en t .  T h i r d ,  was 
d i f f e r e n t i a t i o n ,  or  the  e f f e c t  o f  the  number and type  o f  
landmarks i n  the env ironment as w e l l  as the s u b j e c t ' s  
s e l e c t i v e  a t t e n t i o n  on r e le v a n t  landmarks.  The f o u r t h  was 
the  deve lopmenta l  aspect  in  r e c a l l  o f  l o c a t i o n  i n f o r m a t i o n .
Acredo lo  e t  a l .  (1975) r e p o r t  t h a t  an i n d i v i d u a l ' s  
image o f  an env ironm ent  i s  the  p rod u c t  o f  d i f f e r e n t i a t i o n  
and f a m i l i a r i t y .  They examined c h i l d r e n ' s  memory f o r  
s p a t i a l  l o c a t i o n  as a f u n c t i o n  o f  bo th  e n v i ro n m e n ta l  and 
ta sk  demand. I n  the  f i r s t  e xp e r im e n t ,  one group o f  
5 - y e a r - o ld s  was taken on a walk th rough  a f a m i l i a r  and 
d i f f e r e n t i a t e d  e nv i ronm en t .  The o th e r  group o f  the  same age 
was taken on a walk th rough  an u n f a m i l i a r  and d i f f e r e n t i a t e d  
e nv i ronm en t .  Each s u b je c t  per fo rmed an i n c i d e n t a l  memory 
ta sk  f i r s t ,  f o l lo w e d  by an i n t e n t i o n a l  memory ta s k .  Dur ing  
the w a lk ,  the  expe r im en te r  dropped a card a t  a p rede te rm ined  
p lace  and asked the c h i l d  to  p i c k  i t  up. S h o r t l y  a f t e r  the 
walk was completed,  s u b je c ts  were asked to  r e t u r n  to  the 
exac t  p lace  where the card  had been dropped. The r e s u l t s  o f  
the  f i r s t  exper im en t  i n d i c a t e d  t h a t  the  5 - y e a r - o l d  s u b je c ts  
were more a cc u ra te  in  the  d i f f e r e n t i a t e d  and f a m i l i a r  
en v i ronm en t .  A lso ,  s u b je c ts  who were t o l d  to  remember the 
l o c a t i o n s  p r i o r  to  i n t r o d u c i n g  the  l o c a t i o n  ou tpe r fo rm ed  the 
s u b je c t s  who re c e iv e d  t h i s  type  o f  i n f o r m a t i o n .
In  the  second e xp e r im en t ,  i n c i d e n t a l  and i n t e n t i o n a l  
memory f o r  s p a t i a l  l o c a t i o n  were ana lyzed  f o r  4 - y e a r - o l d  
s u b je c t s  in  fo u r  typ e s  o f  env i ron m e n ts .  Two degrees o f  
f a m i l i a r i t y  o f  the env ironm ent  were crossed w i t h  two degrees 
o f  d i f f e r e n t i a t i o n  o f  the  e n v i ronm en t .  The procedure  f o r  
the second exper im ent  was the  same as f o r  the  f i r s t  
exper im ent  w i th  the  e x c e p t io n  t h a t  the  e xp e r im e n te r  dropped
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a key r i n g  a t  a predetermine! l o c a t i o n  in s te a d  o f  a ca rd .
The main e f f e c t s  o f  d i f f e r e n t i a t i o n  and ta s k  demand were 
s i g n i f i c a n t ,  but  the  main e f f e c t  o f  f a m i l i a r i t y  was n o t .
The re sea rch e rs  e x p la in e d ,  in  P ia g e t ia n  te rms (P ia g e t  & 
I n h e ld e r ,  1956) t h a t  c h i l d r e n  who were a t  the  p r e o p e r a t i o n a l  
s tage demonstra ted knowledge o f  t o p o l o g i c a l  r e l a t i o n s .  That 
i s ,  they  cou ld  unders tand  where the l o c a t i o n  was w i th  
r e l a t i o n  to  o th e r  o b j e c t s ,  bu t  they  co u ld  not  use e u c l id e a n  
concepts and had d i f f i c u l t y  i n  d e te rm in in g  the  accu ra te  
l o c a t i o n  i n  terms o f  d is ta n c e  from the t a r g e t .
The s u b je c ts  i n  the  t h i r d  expe r im en t  were 3 -  4- and 
8- y e a r - o ld s  who were taken on a walk th ro u gh  an u n f a m i l i a r  
h a l lw ay  t h a t  e i t h e r  had landmarks o r  was empty. Dur ing  the 
w a lk ,  the  e xp e r im e n te r  dropped a key r i n g  i n  a p rede te rm ined  
spo t  and asked the  c h i l d  to  p i c k  i t  up. In  the  landmark 
( d i f f e r e n t i a t e d )  c o n d i t i o n ,  t h i s  spot  was c lo s e  to  the 
landmark.  S h o r t l y  a f t e r  the  walk  was com ple ted ,  s u b je c ts  
were asked to  r e t u r n  to  the  exac t  p o s i t i o n  where the keys 
had been dropped. In  a d d i t i o n ,  ta sk  demand was analyzed 
us ing  the  i n c i d e n t a l  versus i n t e n t i o n a l  memory comparison 
method. The accuracy on the  ta s k  improved w i th  i n c r e a s in g  
age. However, i t  was more i n t e r e s t i n g  t h a t  the  presence 
o f  landmarks in c re a se d  the  accuracy o f  the  3-  and
4 - y e a r - o ld s  to  the  l e v e l  o f  the  8 - y e a r - o l d s .  In  c o n t r a s t ,  
the  accuracy o f  the  o ld e s t  group was good, r e g a rd le s s  o f
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whether landmarks were p rese n t  or n o t .  Thus, younger 
c h i l d r e n  r e l y  on markers to  encode l o c a t i o n s  i n  s p a t i a l  
env i ronm en ts ;  w h i l e ,  o ld e r  c h i l d r e n  are g e n e r a l l y  p r o f i c i e n t  
and have le s s  need f o r  the  cues p rov ide d  by landmarks.  The 
r e s u l t s  a lso  demonstra ted t h a t  a t t e n t i o n  cou ld  be 
s e l e c t i v e l y  focused f o r  a l l  the age groups to  f a c i l i t a t e  
pe r fo rm a n ce .
Hazen, Lockman, and P ick  (1978) suggest t h a t  the s ize  
o f  the env i ronm en t ,  and the type  o f  ro u te  fo l lo w e d  th rough  
the env ironment a f f e c t  deve lopmenta l  d i f f e r e n c e s  in  the 
a b i l i t y  to  c o o rd in a te  types o f  knowledge which in c lu d e  the 
ro u te  fo l l o w e d ,  sequence o f  landmarks,  and o v e r a l l  shape o f  
the  env i ronm en t .  Cohen, W ea the r fo rd ,  Lomenick,  and K o e l l e r  
(1979) a d m in is te re d  th re e  types o f  ta sks  to  examine 
development i n  e s t im a t in g  d is ta n c e s  among l o c a t i o n s  in  
v a r io u s  la rg e  sca le  env i ron m e n ts .  In  the f i r s t  t a s k ,  the  
s u b je c t  had to  e s t im a te  the  magnitude o f  d is ta n c e  w i th  the  
number o f  s teps  between two l o c a t i o n s .  In  the  second ta s k ,  
the  s u b je c t  had to  r e c o n s t r u c t  i n  a s t r a i g h t  l i n e  the 
d is ta n c e  s e p a ra t in g  e n v i ro n m e n ta l  o b je c t s  by p la c in g  c o lo re d  
cards r e p r e s e n t in g  the  e n v i ron m e n ta l  o b je c t s  on the  f l o o r .
In  the t h i r d  t a s k ,  the  s u b je c t  was r e q u i r e d  to  do the  same 
as i n  the  second ta sk  except  he was a l low ed  to  p lace  the 
cards in  any d i r e c t i o n .  The f i r s t  g rade rs  were not 
c o n s is t e n t  i n  t h e i r  performance on the  v a r io u s  ta sk  
demands. The f i f t h  g ra d e rs ,  i n  c o n t r a s t ,  demonstra ted
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f l e x i b i l i t y  and were e q u a l l y  a c c u ra te  ac ross  the  v a r io u s  
ta s k  demands.
Ano ther  e x p e r im e n t ,  conducted  by K o s s ly n ,  P i c k ,  and 
F a r i e l l o  (1 9 7 4 ) ,  a l s o  dem ons t ra tes  how c h i l d r e n  are 
i n f l u e n c e d  by e n v i r o n m e n ta l  f e a tu r e s  and ta s k  demand in  
e s t im a t i o n  o f  d i s t a n c e s  between l o c a t i o n s .  In  t h e i r  
e x p e r im e n t ,  the  s u b je c t s ,  p r e s c h o o le r s  and a d u l t s ,  le a rn e d  
the  p lacement o f  the  s t im u lu s  l o c a t i o n s  by c a r r y i n g  o b je c t s  
from home base t o  the  l o c a t i o n  d e s ig n a te d  f o r  the  o b je c t  i n  
th e  space. The e x p e r im e n ta l  env i ronm en t  was 17 f e e t  
squa re .  There were 10 s t im u lu s  l o c a t i o n s  and two s e ts  o f  
b a r r i e r s  t h a t  d i v i d e d  th e  space i n t o  q u a d ra n ts .  One s e t  was 
la r g e  and opaque which p reven ted  movement and v ie w in g  across  
q u a d ra n ts .  The o th e r  s e t  o f  b a r r i e r s  was low and 
t r a n s p a r e n t  so the  s u b je c t  c o u ld  n o t  move, b u t  o n ly  v iew 
ac ross  q u a d ra n ts .  The s u b je c t  had to  rank  the  e s t im a t i n g  
d i s ta n c e  between l o c a t i o n s .  The r e s u l t s  i n d i c a t e d  t h a t  a l l  
s u b je c t s  o v e re s t im a te d  between o b je c t s  sep a ra ted  by an 
opaque b a r r i e r .  Only th e  p r e s c h o le r s  o v e re s t im a te d  the  
d i s t a n c e  between o b je c t s  se p a ra ted  by a low t r a n s p a r e n t  
b a r r i e r .  K o ss lyn ,  P i c k ,  and F a r i e l l o  (1974) suggested t h a t  
c h i l d r e n  based t h e i r  judgment o f  d i s t a n c e  on the  a c t u a l  
w a lk in g  d is ta n c e  between l o c a t i o n s .  They were i n f l u e n c e d  by 
f u n c t i o n a l  d i s t a n c e .  The a d u l t ,  though ,  e f f e c t i v e l y  used 
v i s u a l  i n f o r m a t i o n  c o n c e rn in g  the  p h y s i c a l  d i s t a n c e  w i t h o u t
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be ing i n f l u e n c e d  by the  a c tu a l  w a lk in g  d is ta n c e  f o r  
e s t i m a t i o n .
Cohen, Ba ldw in ,  and Sherman (1978) a ls o  found an 
e f f e c t  o f  e n v i ron m e n ta l  f e a tu re s  o f  c h i l d r e n ' s  e s t im a t io n  o f  
d is ta n c e  among l o c a t i o n s ,  and in  a d d i t i o n ,  the  i n d i v i d u a l  
s t a t u s  which was genera ted  from the e f f o r t  needed to  per fo rm 
the  ta s k  was examined. The s u b je c t s ,  9 -  and 1 0 -y e a r -o ld s  
and a d u l t s ,  had to  e s t im a te  the  number o f  s teps  between 
l o c a t i o n s  in  a camp s e t t i n g .  The range o f  d is ta n c e s  among 
these l o c a t i o n s  was from 15 to  98 mete rs .  In  the  magnitude 
e s t im a t io n  ta s k ,  the  presence o f  e n v i ro n m e n ta l  f e a t u r e s ,
(e .  g . ,  b u i l d i n g s ,  t r e e s ,  and h i l l s )  which added to  the  
e f f o r t  necessary to  move between l o c a t i o n s ,  led  to  
o v e re s t im a t io n s  o f  d i s t a n c e ,  w h i le  the absence o f  these 
f e a tu re s  le d  to  u n d e re s t im a t io n s  o f  these r e l a t i v e l y  le ss  
e f f o r t f u l  d i s ta n c e s .
The l o g i c a l  arrangement o f  i tem s in  a s p a t i a l  
env i ronm ent  can a lso  enhance the  a b i l i t y  to  remember 
l o c a t i o n  i n f o r m a t i o n .  Golbeck (1983) found t h a t  f o r  
c h i l d r e n  k in d e r g a r te n  th rough  t h i r d  grade,  memory o f  the 
la y o u t  improved as a f u n c t i o n  o f  i t s  o r g a n i z a t i o n .
Golbeck (1983) had c h i l d r e n  view a room c o n t a in in g  s e v e ra l  
o b je c t s  t h a t  were e i t h e r  c lu s te r e d  a cco rd ing  to  c o lo r  and 
p a t t e r n  ( e . g . ,  red d re s s e r ,  red c h a i r s ,  red t a b l e )  or  not  
c lu s te r e d  ( e . g . ,  red d re s s e r ,  y e l lo w  and w h i te  c h a i r ,  ye l lo w
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t a b l e ) .  The c h i l d r e n  were ab le  to  reproduce the  c lu s t e r e d  
arrangements more a c c u r a te l y  than the mixed ar rangements .  
Conc lus ion  and Fu tu re  Research D i r e c t i o n s
The i n d i v i d u a l  a b i l i t y  to  r e c a l l  s p a t i a l  i n f o r m a t i o n  i s  
a f f e c t e d  by the  number o f  v a r i a b l e s ,  some o f  which in c lu d e  
i n s t r u c t i o n s  to  remember p a r t i c u l a r  aspec ts  o f  the space, 
f a m i l i a r i t y ,  and landmarks .  Developmenta l d i f f e r e n c e s  in  
s p a t i a l  re ason ing  may be a f u n c t i o n  o f  improvements in  
p ro ce ss in g  c a p a b i l i t i e s  and an in c r e a s in g  gen e ra l  knowledge 
base (C h i ,  1976).
Young s u b je c t s  s h o r t - t e r m  sensory  s t o r e  f o r  v i s u a l  
s t i m u l i  i s  no t  d i f f e r e n t  from t h a t  o f  o ld e r  s u b je c t s .  
However, i f  s u b je c ts  a t te m p t  to  m a in ta in  t h i s  i n f o r m a t io n  
f o r  a long  p e r io d  o f  t im e ,  the  a b i l i t y  t o  r e c a l l  i t  d e c l in e s  
more q u i c k l y  than t h a t  o f  o ld e r  s u b je c t s  (S h e in g o ld ,  1973).  
F u r the rm ore ,  c h i l d r e n ' s  r e c a l l  o f  s p a t i a l  env i ronment can be 
improved by p r e s e n t in g  them cues and i n s t r u c t i o n s  which 
a s s i s t  i n  remembering l o c a t i o n s  (A c re do lo  e t  a l . ,  1975).
In  o rd e r  to  unders tand  s u b je c t s  a b i l i t i e s  to  process 
l o c a t i o n  i n f o r m a t i o n ,  i t  would be a p p r o p r ia te  to  examine the 
type  o f  measurements used in  the e xp e r im e n t .  Researchers 
p r i m a r i l y  make t h e i r  i n fe r e n c e s  co nce rn ing  s u b je c t  
performance in  the  env ironm ent  us ing  d i f f e r e n t  types o f  
dependent v a r i a b l e s .  For example, e v a lu a t i n g  s u b je c t  d i r e c t  
be h av io r  (A c redo lo  e t  a l . ,  1975),  r e c o r d in g  the  s u b j e c t ' s  
response to  a q u e s t io n  (Zacks,  Hasher, A lba ,  S a n f t ,  & Rose,
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1984),  a n d /o r  ask ing  the  s u b je c t  to  r e c o n s ru c t  the la y o u t  
(Cohen & Schuep fe r ,  1980).  Thus, a s u b j e c t ' s  a b i l i t y  to  
express h im s e l f  on a t e s t  may no t  always r e f l e c t  knowledge 
about the e n v i ron m e n t .  R a th e r ,  may be im p o r ta n t  to  see i f  a 
c h i l d  i s  capable  o f  us ing  c o o rd in a te  systems o r  c o n s t r u c t i n g  
c o n f i g u r a t i o n a l  knowledge in  c e r t a i n  fa v o ra b le  s i t u a t i o n s  
(G a l la g h e r ,  1980).  The method o f  draw ing a c h a r t ,  which i s  
used to  examine a c h i l d ' s  a b i l i t y  to  r e c o n s t r u c t  the la y o u t  
i s  d i f f i c u l t .  T h e re fo re ,  i t  may be u s e fu l  to  examine an
o p p o s i t i o n a l  h y p o th e s is  ----- p r e s e n t in g  the  c o n f i g u r a t i o n  on
a diagram can be h e l p f u l  i n  a s u b j e c t ' s  a b i l i t y  t o  make use 
o f  the  d iagram f o r  remembering the  l a y o u t .
The c o n f i g u r a t i o n  and the  r e l a t i o n s  among lo c a t i o n s  
shou ld  be con s ide red  when e v a lu a t i n g  s u b j e c t ' s  a b i l i t y  to  
o rg a n ize  the  env ironm ent  f o r  f u t u r e  r e c a l l .  In  one 
c o n d i t i o n ,  the  l o c a t i o n s  would be p resen ted  in  a m ean ing fu l  
manner; f o r  example, the  s u b je c t  shou ld  be i n s t r u c t e d  to  go 
to  a l e f t  s ide  l i n e  where a b a s k e t b a l l  i s  supposed to  be, 
p ic k  up the  b a l l ,  d r i b b l e  d i r e c t l y  to  the  b a ske t ,  s top  on 
the  f o u l  l i n e ,  shoot the  b a l l  a t  the b a ske t ,  rebound, 
d r i b b l e  to  the  r i g h t  s id e  o f  the  c o u r t ,  pass the  b a l l  to  a 
an i n d i v i d u a l  who i s  w a i t i n g  i n  the  m idd le  o f  the  c o u r t ,  and 
run to  the f o u l  l i n e .  Another  way to  p rese n t  the  l o c a t i o n  
would be by a sk ing  the  s u b je c t  to  jo g  w i th  the  expe r im en te r  
to  the  same l o c a t i o n s  w i t h o u t  a b a s k e t b a l l ,  an i n d i v i d u a l ,
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l i n e s ,  or b aske t .  R e c a l l  may be de te rm ined by the 
m ean ing fu l  e f f e c t s  o f  the  ta s k .
Research on s p a t i a l  c o g n i t i o n  in  the f u t u r e  should  
focus on r e l a t i n g  changes in  s p a t i a l  r e p r e s e n t a t i o n  w i th  
o th e r  c o g n i t i v e  deve lopmenta l  changes such as the 
a c q u i s i t i o n  o f  c o n s e rv a t io n ,  and to  examine c h i l d r e n ' s  
a b i l i t y  to  make s p a t i a l  t r a n s i t i v e  in fe re n c e s  in  a 
l a r g e - s c a le  s p a t i a l  t a s k .  In  a s p a t i a l  t r a n s i t i v e  t a s k ,  the 
s u b je c t  no t  o n ly  codes i n d i v i d u a l  i tem s w i th  re s p e c t  to  a 
c o o rd in a te d  system bu t  a lso  i s  ab le  to  use these c o o rd in a te d  
cod ings  to  compute the  o r i e n t a t i o n  and d is ta n c e  o f  i tem s 
w i th  re s p e c t  to  each o th e r ,  even when the co nn e c t io n  between 
them has not  been d i r e c t l y  exp e r ienced .
An i n d i v i d u a l ' s  a b i l i t y  to  p rocess ,  s t o r e ,  and r e t r i e v e  
s p a t i a l  i n f o r m a t io n  was examined i n  a v a r i e t y  o f  
e xp e r im e n ts .  In  o rde r  to  g e n e ra l i z e  s p e c i f i c  t h e o r i e s ,  they 
shou ld  be te s te d  in  d i f f e r e n t  c o n d i t i o n s .  Fu r the rm ore ,  
t h e o r i e s  re g a rd in g  c h i l d r e n ' s  conce p t io ns  o f  s p a t i a l  
r e l a t i o n s h i p s  shou ld  be examined in  a s i t u a t i o n  s i m i l a r  to  
r e a l  w o r ld  c o n d i t i o n s .  There are many f a c t o r s  which 
enhances c h i l d r e n  and a d u l t s  r e c a l l  l o c a t i o n  i n f o r m a t i o n ;  
th u s ,  the  type  o f  e n v i ro n m e n ta l  and i n s t r u c t i o n a l  cues 
shou ld  c o n t in u e  to  be examined as im p o r ta n t  f a c t o r s  in  the 
s u b j e c t ' s  p o t e n t i a l  t o  improve per fo rmance.
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Table 3. Means and standard d e v ia t io n s  o f  abso lu te  e r ro r  ( i n  cm)
o f  s e r i a l  p o s i t i o n  in  i n t e n t i o n a l - p o s i t i o n . i n t e n t i o n a l - e x e r c i s e , 
and i n c id e n t a l  co n d i t io n s  w i th  l i n e s  and w i thou t  l i n e s  fo r  ages 
7, 11. and 20 year
POSITION 
AGE COND N
IC WL 1 0
IC WOL 10
ITE WL 1 0
ITE WOL 10
ITP WL 1 0
ITP WOL 10
IC WL 1 0












































173.0 1 0 2 . 2
210.5 84.4
100.5 67.2












































ANOVA f o r  e xp e r im e n t  1
SOURCE 
Model 
E r r o r  162
C o r re c te d  t o t a l  179
DF SUM OF SQUARES MEAN SQUARE 
17 1279073.67 75239.63
Age
C o n d i t i o n
Age*Cond














#* p < . 0 1
F VALUE 
1 4 .6 1 * *
8 7 .0 3 * *  
2 8 .7 0 * *  
0.41 n . s . 
1 3 .2 9 * *  
0 .19  n . s . 
0 .35  n . s . 
0 . 2 1  n . s .
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Table 5
flNOVfl for experiment 1 (serial positin)
SOURCE DF SUM OF SQUARES MEAN SQUARE
Model 233 10514844.96 45128.09
E r r o r 486 5477163.93 11269.89
C o r re c te d  t o t a l 719 15992008.89
Age 2 3586153.31
CL 5 1471128.56
Age*CL 1 0 59012.79
ID(Age*CL) 162 3337590.98
P o s i t i o n 3 1520314.45
A g e * P o s i t io n 6 176884.15
C L * P o s i t i o n 15 195968.91
A g e *C L *P o s i t io n 30 167791.82
* *  p i  . 0 1  
*  P 1  .05
F VALUE 
4 . 0 0 * *
1 5 9 .1 0 * *
2 6 .1 1 * *
0 .52  n . s .
4 4 .9 7 * *
2 .6 2 *
1 .16  n . s . 
0 .50  n . s .
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Table 6
ANOVft for experiment 2
SOURCE DF SUM OF SQUARES MEAN SQUARE F VALUE
Model 8 677449.94 84681.24 2 0 .2 6 * *
E r r o r 81 338485.13 4178.83
C o r re c te d  t o t a l 89 1015935.07
Age 2 304413.09 3 6 .4 2 * *
P r a c t i c e 2 354394.51 4 2 .4 0 * *
A g e * P ra c t i c e 4 18642.34 1 . 1 2  n . s
* *  p i  . 0 1
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Table 7
ANOVA for experiment 2 (serial position)
SOURCE DF SUM OF SQUARES MEAN SQUARE
Model 116 4917451.96 42391.83
E r r o r 243 2389427.58 9833.04
C o r re c te d  t o t a l 359 7306879.53
Age 2 1217652.36
P r a c t i c e 2 1417578.02
A g e * P ra c t i c e 4 74569.38
ID (A ge*P rac ) 81 1353940.53
P o s i t i o n 3 630012.08
A g e * P o s i t i o n 6 62793.07
P r a c * P o s i t i o n 6 45731.73
Age*Prac*Pos 1 2 115184.80
4.31 * *
6 1 .9 2 * *  
7 2 .0 8 * *  
1 .90  n . s
2 1 .3 6 * *
1.06 n . s , 
0 .78  n . s , 




Data shee t  f o r  the  f i r s t  e x p e r i n e n t .
NAME __________________________
AGE   SEX _________
CONDITION: IC___  ITE___  ITP___











Data sheet  f o r  the  second e xpe r im e n t
NAME __________________________
AGE _________  SEX__________
PRACTICES: ONE___  TWO___  THREE
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Table 12
Univariate desciptive data: age 7, intentional-position,
with lines
MOMENTS
N 40 SUM WSTS 40
MEAN 229.65 SUM 9186
STL : ;rv  139.134 VARIANCE 19372.1
SKEWNESS 0.361705 KURTCSIS -0 .9 9 1 2 3 3
USS 2365076 CSS 755511
CV 60.6068 STD MEAN 22.0069
T : v cAN-3 10 .4354  PRC0>fH C.OCC1
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Univariate descriptive data; age 11, incidental ocndition.
with lines
MOMENTS
N 40 SUV! W5TS 40
KEAN 253.625 SUM 10345
ST.’) DbV • 1 ?3. 154 VARIANCE 18266.7
SKEWNESS 0.150972 KURTOSIS -0 .8 6 2 4 6 3
USS 3337875 CSS 712399
CV 52-2537 STD MEAN 21-3693
TSMEAN = 0 12•1C 2 4 PRGB > IT I  0.0001
SGN RANK 410 PR0B>|SI 0.0CC1
N'J!\ -»= 0 40
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Univariate descriptive data; age 2 0 , intentianal-exercise
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Univariate descriptive data: age 20, intenticnal-position,
without lines *
.MOMENTS
N 40 SUM WGTS 40
MEAN 34.625 SUM 3335
STE j V 70.7051 VARIANCE 4999.21
SKEWNESS 1 .19371 KURTOSIS 0.68621
USS 481425 CSS 194969
CV 83.5511 STD MEAN 11-1795
T:MEAN = 0 7•569 o5 PR03>ITI 0 .0001
SGN RANK 410 PRQ3>|S| 0.00G1
NUV' -t= 0 40
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L i m i t a t i o n s
1. The exper im en ts  were conducted i n  th re e  d i f f e r e n t  
sch o o ls .  The ground t e x t u r e  was s i m i l a r ,  bu t  the fe a tu re s  
around the f i e l d s  were no t  the  same ( e .g .  t r e e s ,  b u ld in g s ,  
e t c . ) .
2. The s u b je c ts  per fo rmed the  expe r im en ts  a t  d i f f e r e n t  
t im es o f  the  day. The s u b je c ts  who performed l a t e r  in  the 
day may have been more f a t i g u e d  compared to  the s u b je c ts  who 
performed e a r l i e r .
3. E n g l is h  i s  the  e x p e r im e n te r ' s  second language.  The 
accent may have had an a f f e c t ,  e s p e c i a l l y  on the  younger 
s u b j e c t ' s  u n d e rs tan d ing  o f  the  i n s t r u c t i o n s .
Appendix
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The te a c h e r s '  i n s t r u c t i o n s
The purpose o f  these  i n s t r u c t i o n s  i s  to  g iv e  the  
te a c h e rs  g u i d l i n e s  as t o  what t o  t e l l  the  s u b je c t s .  Each 
s tu d e n t  w i l l  go o u t s id e  w i t h  the  e x p e r im e n te r ,  i n d i v i d u a l l y ,  
t o  p e r fo rm  a few e x e r c i s e s .  The ta s k  w i l l  ta ke  about  10 
m in u te s .  When the  s tu d e n t  f i n i s h e s  the  e x e r c i s e  the  
e x p e r im e n te r  w i l l  send h im /h e r  back t o  c l a s s .  The s tu d e n t  
shou ld  e n te r  the  c la s s  q u i e t l y ,  and the  n e x t  s tu d e n t  w i l l  be 
sen t  o u t .  The te a c h e r  w i l l  send th e  s u b je c t s  as per  the  
c la s s  l i s t .  The s tu d e n ts  sou ld  no t  t a l k  t o  t h e i r  f r i e n d s  
about  the  n a tu re  o f  th e  t a s k s .
1 1 0
I n s t r u c t i o n s  to  the  s u b je c t s
The s u b je c t  w i l l  s tand  n e x t  t o  the  e x p e r im e n te r ,  on the  
s t a r t i n g  p o i n t  (see F ig u r e  1 ) ,  c lo s e  to  h i s  r i g h t  s h o u ld e r .  
Both f a c in g  th e  d i r e c t i o n  o f  the  a p p a ra tu s .
I n s t r u c t i o n s  t o  th e  ITP g roup :
We are  go ing  to  jo g  t o  f o u r  d i f f e r e n t  p la c e s  on the
f i e l d .  In  each p la c e ,  I  w i l l  show you an e x e r c i s e  which you
w i l l  p e r fo rm .  Stay c lo s e  to  my r i g h t  s h o u ld e r  a t  a l l  
t im e s .  T ry  t o  remember the  f o u r  e x e r c i s e s  and where you 
pe r fo rm ed  each e x e r c i s e .  A f t e r  p e r fo r m in g  th e  e x e r c i s e s ,  I  
w i l l  ask you to  show me e x a c t l y  where you pe r fo rm ed  each 
e x e r c i s e .
I n s t r u c t i o n s  to  the  ITE g roup :
We are go ing  to  jo g  and p e r fo rm  f o u r  e x e r c i s e s  which I
w i l l  show you, on the  f i e l d .  S tay c lo s e  to  my r i g h t  
s h o u ld e r  a t  a l l  t im e s .  T ry  to  remember the  f o u r  e x e r c i s e s .  
A f t e r  p e r fo r m in g  th e  e x e r c i s e s ,  I  w i l l  ask you t o  t e l l  me 
what e x e r c i s e s  you p e r fo rm e d .
I n s t r u c t i o n s  t o  th e  IC g roup :
I  am go ing  to  show you d i f f e r e n t  e x e r c i s e s  which you 
w i l l  p e r fo rm .  I  want t o  see how you pe r fo rm  these  
e x e r c i s e s .
A p p e n d ix  G
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A p r i l  17, 1986 
Aharon Dayan 
School o f  HPERD 
L o u is ia n a  S ta te  U n i v e r s i t y  
Baton Rouge, LA 70803
Mr. John W. C h a r l e v i l l e  
( S u p e r i n t e n d e n t )
School Board O f f i c e
W. Baton Rouge P u b l i c  Schools
670 Rosedale S t .
P o r t  A l l e n ,  LA 70767
Dear Mr. C h a r l e v i l l e ,
I  am c o n d u c t in g  e x p e r im e n ta l  re se a rch  f o r  my Ph.D 
d i s s e r t a t i o n .  The goa l  o f  t h i s  expe r im e n t  i s  t o  in c re a s e  
our  u n d e rs ta n d in g  o f  th e  development o f  l a r g e - s c a l e  s p a t i a l  
c o g n i t i o n .  More s p e c i f i c a l l y ,  t h i s  e xp e r im e n t  w i l l  t r y  to  
f i n d  i f  l o c a t i o n  i n f o r m a t i o n  about  movement i s  a u t o m a t i c a l l y  
encoded i n  memory and i f  the  a b i l i t y  t o  encode t h i s  
i n f o r m a t i o n  in c re a s e s  w i t h  age.
The sample needed i s  made up o f  80 second g rad e rs  and 
80 f i f t h  g ra d e rs .  The ta s k  c o n s i s t s  o f  some s im p le  
movements i n  a f i e l d  2 0 x 2 0  meters i n  a t te m p t  to  remember 
p r i o r  p resen ted  l o c a t i o n s .  The amount o f  t im e  needed f o r  
p a r t i c i p a t i o n  i s  between 10 t o  15 m inu tes  f o r  each s u b je c t .
I  w i l l  be making p e rs o n a l  a r rangements  w i t h  the  te a c h e rs  
c o n ce rn in g  the  c h i l d r e n ' s  sch e d u le s .
I  have had p r a c t i c a l  e x p e r ie n c e  i n  the  e le m en ta ry  
sch o o ls  and am c u r r e n t l y  w o rk in g  on a Ph.D i n  motor 
deve lopment .  T h is  re se a rch  i s  conducted under the  d i r e c t i o n  
o f  Dr.  J .  R. Thomas. I f  you have any q u e s t io n s  c o n ce rn in g  
t h i s  s tu d y ,  p lease  c a l l  me a t  787-5783 or  Dr.  Thomps o f f i c e  
a t  388-2387.
I  would a p p r e c ia t e  your a p p ro v a l  f o r  u s in g  your  sch o o ls  
c h i l d r e n  i n  my e x p e r im e n t .




A p r i l  18, 1986
 _____________________________________  has my p e rm is s io n  to
( s o n / d a u g h t e r ' s  name)
p a r t i c i p a t e  i n  th e  p h y s i c a l  e d u c a t io n  re s e a rc h  t o  be 
conducted
a t  _______________________________________  . I  und e rs ta n d  th e re
(name o f  s c h o o l ) 
w i l l  be no unusua l  p h y s i c a l  o r  m enta l  hazards i n v o l v e d .
S ig n a tu r e  o f  P a ren t
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May 14, 1986 
Aharon Dayan 
School  o f  HPERD 
L o u is ia n a  S ta te  U n i v e r s i t y  
1 Baton Rouge, LA 70803
Mrs. Kathy Tonore (Second Grade Teacher)
LSU L a b o ra to r y  School 
Baton Rouge, LA 70803
Dear Mrs. Tonore,
I  would l i k e  t o  thank  you and the  c h i l d r e n  o f  your  
c la s s  f o r  th e  c o o p e ra t io n  i n  p a r t i c i p a t i o n  i n  the  re se a rch  
f o r  my Ph.D d i s s e r t a t i o n .  The go a l  o f  t h i s  e xp e r im e n t  i s  to  
in c r e a s e  our  u n d e rs ta n d in g  o f  the  development o f  l a r g e - s c a l e  
s p a t i a l  c o g n i t i o n .  More s p e c i f i c a l l y ,  t h i s  e xp e r im en t  w i l l  
t r y  t o  f i n d  i f  l o c a t i o n  i n f o r m a t i o n  about  movement i s  
a u t o m a t i c a l l y  encoded i n  memory and i f  the  a b i l i t y  t o  encode 
t h i s  i n f o r m a t i o n  in c re a s e s  w i t h  age.
T h is  re s e a rch  i s  conduc ted  under the  d i r e c t i o n  o f  
Dr.  J .  R. Thomas. I f  you have any q u e s t io n s  c o n c e rn in g  t h i s  
s tu d y ,  p lease  c a l l  me a t  home 767-5783,  a t  the  o f f i c e  
388-2387,  o r  Dr.  Thomas' o f f i c e  a t  388-2387.
Thank you and you r  s tu d e n ts .
S i n c e r e l y ,
Aharon Dayan
VITA
Aharon Dayan was born in  the sm al l  community o f  
N a h a la l ,  I s r a e l  on June 6, 1946. Aharon g radua ted  from 
Naha la l  High School i n  1965. He a t tended  Wingate C o l lege  
between 1970-1973. Upon c o m p le t io n  o f  h i s  s t u d ie s ,  he 
taug h t  p h y s i c a l  e d u ca t io n  in  e lem en ta ry  and secondary 
schoo ls  i n  I s r a e l  f o r  th re e  yea rs .  In  1976, Aharon came to 
the U n i ted  S ta te s  to  pursue a g radua te  degree in  p h y s i c a l  
e d u c a t io n .  While in  the U. S . ,  he a t tended  the S ta te  
U n i v e r s i t y  o f  New York a t  C o r t la n d .  He re c e iv e d  h is  
B. S. degree in  1978 and a m a s te r ' s  degree in  1980. In 
1981, he began d o c t o r a l  s tudy  in  p h y s i c a l  e d u ca t io n  a t  
L o u is ia n a  S ta te  U n i v e r s i t y .  While  a t  L o u is ia n a  S ta te  
U n i v e r s i t y ,  he ta u g h t  a number o f  courses i n c l u d i n g  
swimming, t e n n i s ,  b o w l in g ,  r a q u e t b a l l ,  and p h y s ic a l  
f i t n e s s .  In  August 1984 he went to  I s r a e l  and ta ug h t  motor 
l e a r n i n g  and development a t  Wingate C o l leg e  f o r  one ye a r .
He re tu rn e d  to  complete  the  re qu i re m en t  f o r  the  d o c to r a l  
degree a t  L o u is ia n a  S ta te  U n i v e r s i t y  i n  1986.
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